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Winter detection surveys for Canada lynx {Lynx canadensis], fisher 
{Martes pennantij, wolverine {Gulo gulo), and other species were conducted 
in Glacier National Park (GNP), Montana from November 1998 to April 
2000. Over 1500 km of transects were traveled and tracks of more than  
23 mammal species were detected including 12 carnivore species. Lynx, 
fisher, and wolverine use of forest age classes and vegetation cover types 
east and west of the Continental Divide in GNP was determined during 
winter by counting tracks in snow along 175 transects in 3 different forest 
age classes and 6 different vegetation cover types. Stand age classes and 
cover types available along transects were described using Arcview GIS 3.1 
software and raster-based analyses of 1981 Landsat MSS images. Cover 
types and stand age classes available along transects were compared to 
habitat characteristics at points where target species were observed using 
a  chi-square goodness-of-fit test. Lynx, wolverine, and fisher did not use 
cover types as expected by availability. Lynx use of deciduous and dry 
coniferous forest types was signific a n tly  greater than  expected while dry 
herb /sh rub  and mesic conifer cover types were used significantly less than  
expected (P<0.01). Fishers used deciduous and dry coniferous forest types 
more than  both shrub cover types (P<0.05). Wolverines used both conifer 
cover types significantly less Üian expected while deciduous forest stands 
and dry herb /sh rub  were used significantly greater than  expected (P<0.01). 
Lynx and fisher use of stand ages was also significantly different than  
expected (P<0.05). Both lynx and fisher frequented old stands (pre 1844) 
more than  expected. Wolverine use of stand age classes was not 
significantly different than  random. Lynx appeared to have a wide 
distribution east of the Continental Divide in GNP, bu t were rarely detected 
on the park’s west side. Fisher and wolverine were detected on both sides 
of the Continental Divide, bu t most detections occurred on the park’s east 
side. Mountain lions (Felix concoloi) and coyotes {Canis lupus] were 
frequently detected during surveys and appeared to be limited to the lowest 
elevations in GNP. Their winter distribution does not appear to overlap 
tha t of lynx, fisher, or wolverine extensively.
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BACKGROUND
Growing concern over the im pacts of extensive logging and road- 
building in the old-growth forest ecosystems of the Pacific Northwest in 
the 1980s and early 1990s resulted in controversial federal protection for 
threatened species like the northern  spotted owl [Strix occidentalis), 
m arbled m urrelet [Brachyramphus marmoratum) and  Pacific salmon 
(Onchorhynchus spp.). More recently, concern over the degradation and 
firagmentation of forest habitats in the Rocky M ountains has focused 
attention on a group of largely overlooked forest carnivores associated 
with late-successional forests. Canada lynx [Lynx canadensis], fisher 
[Martes pennantO, wolverine [Gulo gulo], and m arten [Martes americana], 
are mid-sized carnivores th a t have become rare a t the southern  end of 
their ranges in the conterminous United States. Traditionally referred to 
as fur-bearers because of their valuable pelts, local populations of these 
four forest carnivores were extirpated in m any areas as a  result of 
intensive trapping and habitat degradation. As harvest levels declined 
south  of Canada, state wildlife agencies established trapping quotas or 
eliminated legal trapping. Often these m easures came too late for the 
populations to recover or avoid regional extinction.
In 1994. uncertainty over the s ta tu s  of forest Ccimlvores in the 
w estern United States prompted researchers and wildlife m anagers 
affiliated with the U.S. Forest Service to combine their knowledge of 
forest carnivores and present their findings in a  conservation assessm ent
(Ruggiero et al. 1994). This assessm ent provided cin overview of the 
species’ ecology and biology, conservation sta tus, and research  needs. 
Although gaps In knowledge were revealed, existing research supported 'f- 
the Interpretation th a t late-successlonal forest stcinds are essential 
com ponents of forest carnivore habitat. Due to the Inadequate 
information base and the reduced extent of late-successlonal forests, the 
report concluded th a t “the s ta tu s of forest carnivores Is Itself uncertain .” 
Factors th a t may have contributed to the decline in forest carnivore 
populations Included 1) decrease in the am ount of suitable habitat; 2) 
mortality and habitat fragmentation caused by roads and development;
3) Impact from Increased recreational use of wild lands; and 4) over­
trapping (Ruggiero et al. 1994).
Forest Carnivore Ecologv 
With their disproportionately large, hairy feet, C anada lynx are well 
adapted to forested habitats with abundan t snowfall. Lynx habitat 
generally Is described as climax boreal forest with a  dense understory of 
thickets and  windfalls (Wltmer et al. 1998). Advanced successlonal 
stages of forests and dense young conifer stands are often preferred 
hab itats of lynx for denning and foraging respectively. Large am ounts of 
woody debris for therm al and escape cover and rriinimal hum an  
disturbance are im portant features of den sites (BritteU 1989). Lynx 
generally forage in young conifer forests where their prim ary prey, 
snowshoe hare ILepus americanus), Is abundant. Late-successlonal
forests with high horizontal cover may also be im portant foraging habitat 
if red squirrels ITamiascurus hudsoniciis) and snowshoe hares are 
present. Lynx habitat south  of Canada is more heterogeneous and 
patchily distributed th an  source habitat in Alaska and C anada (Ruggiero 
et al. 2000). As a result, travel corridors between foraging and 
denning/resting  habitats may be an  im portant and overlooked habitat 
component. Travel cover includes contiguous vegetation cover over 2m 
tall (BritteU 1989). as lynx generaUy do not cross openings greater than  
100 m eters wide (Koehler 1990). Lynx have large home ranges, between 8 
and 783 km^, and have been known to conduct extensive exploratory 
movements during sum m ers and during lows in the snowshoe hare 
cycle. These long-range movements may be im portant in  m aintaining 
genetic diversity a t the population and m eta-population levels (McKelvey 
et al. 2000a).
Unlike Uke lynx, fishers are not weU adapted to traveling or 
hunting  in deep snow and they generaUy occupy low to mid-elevation 
forests with high canopy closure and low average snow accum ulation 
(PoweU and ZieUnski 1994). Old forest stands with high structu ra l 
diversity near the ground provide fishers with im portant den and rest 
sites whUe early serai stands provide productive habitat for snowshoe 
hares. LUce lynx, fishers use a mosaic of early and late-successional 
forest stages to meet their habitat and food requirem ents. However, the 
fisher’s preference for mid to lower elevation forests and riparian
woodlands ensures th a t there is little overlap in  hab itats used by these 
species (McKelvey et al. 2000a). Small patches of early serai vegetation 
interspersed within a m atrix of relatively dense, late successlonal forest 
may be the habitat th a t provides the m ost diverse prey base for fishers 
(Witmer et al. 1998). Fishers are solitary and inhabit large home ranges 
averaging between 15 to 40 km^. Fisher populations have been 
significantly affected by the fragmentation of contiguous, late- 
successional forests and excessive trapping especially in the southern  
and w estern portions of their range (Powell and Zielinski 1994).
Wolverines are wide-ranging carnivores th a t use a  variety of 
habitats across elevational gradients including non-forested habitats in 
alpine and subalpine zones. When detected a t lower elevations in NW 
Montana, wolverines exhibited a preference for m ature to interm ediate 
forests (Homocker and Hash 1981). The collective knowledge of 
wolverine in  the conterminous U.S. is scant and consists of only two 
studies (Homocker and Hash 1981, Copeland 1996). Research suggests 
th a t the essential component of wolverine habitat may be isolation and 
absence of hum an disturbance (Banci 1994). Wolverines were apparently 
extirpated from m ost of M ontana by 1920 due to over-trapping and 
secondary poisoning, b u t recovered through dispersal from C anada via 
Glacier National Park (Newby emd Wright 1955). Wolverine appear to 
require large, isolated tracts of w üdem ess supporting a diverse prey 
base. Wolverines exhibit a  distinct seasonal elevational pattern  moving
to lower elevations during the winter where they search for ceinion on 
ungulate w inter ranges (Homocker and Hash 1981). A limiting factor to 
wolverine distribution may be the availability of suitable denning habitat 
(Copeland 1996). Female wolverine appear to require remote alpine 
cirques for denning and are especially sensitive to hum an  disturbance 
during courtship, denning, and rearing of young (Magoun and Copeland 
1998). The loss of large predators such as wolves and  m ountain lions 
from an  ecosystem can adversely affect wolverines by reducing the 
am ount of available carrion. Home ranges of adult wolverine are quite 
large, ranging from less th an  100 km^ to over 900 km^ (B and 1994). 
Wolverine populations In the lower 48 states are likely peninsular 
extensions of a  more expansive Canadian population.
Because American m artens prefer mlcrotlne rodents smd squirrels 
and  rarely prey on hares, they are the forest Ccimlvore species m ost 
closely associated with late-successional forests. M artens prefer m ature 
and old-growth subalpine fir, spm ce-fir and cedar-hemlock forests for 
denning, hunting, and protection from predators. Meslc forest types with 
a  well-developed understory of grasses and forbs support high num bers 
of small m am m al prey, and abundant fallen trees and limbs provide sites 
for denning, resting and foraging, hab itat features th a t are especially 
im portant in winter (Buskirk and Powell 1994). Research conducted in 
Glacier National Park (GNP) Indicated th a t the abundance of small 
m am m als was directly associated with the abundance, physical
condition, dispersal, and density of the m artens under study (Burnett 
1981). Like C anada lynx, m artens are well-adapted to habitats 
characterized by snowy winters, and substantial snow cover. Recent 
research suggests th a t interior forest conditions may be an  essential 
com ponent of suitable breeding habitat for m artens (Hargis et al. 1999). 
Destruction, degradation, and fragmentation of réfugia is a  serious threat 
to the viability of m arten populations in the lower 48 sta tes (JosHn and 
Youmans 1999). Because of their relative abundance, close association 
with contiguous, late-successional forests, and vulnerability to trapping, 
m arten  are considered indicators of the health  of forest ecosystems. 
M arten home ranges v£uy as a  function of sex, geographic area, and prey 
abundance, b u t are generally considered large for an  anim al of its size 
(1-16 km^) (Buskirk and Ruggiero 1994).
Conservation S tatus
On April 24. 2000, the C anada lynx was listed as a  threatened 
species in the coterminous United States. The U.S. Fish and WüdUfe 
Service (USFWS) concluded th a t the population was threatened by 
hum an  alteration of forests, low num bers as a  result of past 
overexploitation, expansion of the range of competitors, and  elevated 
levels of hum an  access into lynx habitat (USDA, USDI 2000). Critical 
hab ita t for the species has not been designated or proposed.
Concurrent with the listing process, a national interagency Canada  
Lynx Conservation A ssessm ent and Strategy (Ruediger et al. 2000) was
developed to provide a  consistent and effective approach to conservation 
of the species. All federal land m anagem ent agencies, including the 
National Park Service, were participants. The Canada Lynx Conservation 
A ssessm en t and Strategy identifies 17 risk  factors th a t could adversely 
affect lynx mortality, productivity, and movements (Ruediger et al. 2000). 
Within GNP, the prim aiy risk factors for lynx are: wildland fire 
m anagem ent policies th a t preclude natu ra l disturbance processes, roads 
and highways, w inter recreational trails, habitat degradation by non- 
native invasive p lant species, incidental or illegal shooting and trapping, 
competition or predation as influenced by hum an activities, and hum an 
developments th a t degrade and fragment lynx habitat.
The U.S. Forest Service and U.S. Bureau of Land Management 
have entered into conservation agreements with the USFWS, agreeing to 
consider conservation m easures in the Canada Lynx Conservation 
A ssessm en t and Strategy when designing and implementing activities 
th a t might affect lynx or their habitat. The National Park Service is 
currently in the process of crafting a Conservation Agreement for C anada 
Lynx with the USFWS. Potential lynx habitat has not yet been delineated 
in Glacier National Park due to inadequate vegetation and snow depth 
data  for the park. Although the National Park Service h as  not yet signed 
the Conservation Agreement for the Canada Lynx, Glacier National Park 
h as  agreed to consider the recom mendations in the Canada Lynx
Conservation A ssessm ent and Strategy prior to undertaking any new 
activities in  lynx habitat.
Since 1975, M ontana’s lynx harvest declined dramatically, and 
lynx abundance was considered very low (MDFWP 1990, Tanimoto emd 
Garton 1993). Although knowledge of lynx ecology in the lower 48 states 
has  not increased significantly since the U.S. Forest Service completed 
its assessm ent in 1994, new studies have been initiated in  Montana, 
Wyoming, and  British Columbia and a  major réintroduction program is 
under way in Colorado. These efforts are edl addressing the lack of 
knowledge of lynx ecology,
“...there is a  need for the m ost basic information on 
hab itat relationships, a t any spatial or tem poral scale and at 
any level of m easurem ent. Virtually any new data  on habitat 
relationships involving lynx in the w estern conterm inous 48 
states would be a substantive increase in knowledge”
(Ruggiero et al. 1994).
The state of M ontana classifies m arten, fisher, and wolverine as 
fur-bearers and closely monitors trapping of these species. While 
upw ards of 800 m arten are harvested annually in the state, the trapping 
of wolverine and fisher is limited and  few anim als are recorded harvested 
(MDFWP 1998). Until lynx were federally listed as a  threatened species in 
2000, a statewide quota of two anim als was enforced. Region 1 of the 
U.S. Forest Service has designated both the fisher and wolverine 
“Sensitive Species”, whUe the m arten is considered a  “M anagement 
Indicator Species.” Fisher and wolverine are also listed as state  “Species 
of Special Concern” by the M ontana Natursd Heritage Program.
Due to extensive trapping, fishers were apparently extirpated fi-om 
M ontana, as there are no trapping records for the state firom 1920-1960. 
Because of their value as a  furbearers and predators of porcupines, 
fishers were reintroduced into w estern M ontana fi“om British Columbia 
in 1959/60 (Weckwerth et al. 1968). M ontana’s fisher population was 
again augm ented between 1989 and 1992, when 110 fishers were 
transplanted  into northw estern M ontana from the m idwestem  U.S. 
(Heinemeyer and Jones 1994). Although fishers have been re-established 
in the state, they are considered uncommon and patchily distributed.
The USFWS was petitioned by conservation groups in the 1990s to list 
both the fisher and wolverine as endangered species under the 
Endangered Species Act (1973), b u t cited the lack of information in their 
decision not to do so. A lawsuit regarding listing of the wolverine has 
recently been filed by conservation groups.
Although the sta tu s  of the fisher in the w estern U.S. is poorly 
known, it is generally perceived to be “precarious and decfining” (Powell 
and Zielinski 1994). M arten populations are regarded among the least 
compromised of the four species discussed here, though the current 
range of the species is reduced from historical limits in the U.S. (Buskirk 
and Ruggiero 1994). Wolverine populations in M ontana are considered 
“healthy and thriving” and appear viable given their continuity with 
populations in Canada (Witmer et al. 1998). Because wolverine have 
experienced a significant range contraction in the last century, occur at
low densities, and depend on habitats in remote areas with little hum an 
presence/access, the viability of this species outside of Canada, Alaska 
£tnd M ontana is uncertain  (Banci 1994). Specific information needs for 
these four forest carnivores are extensive and have been described in 
detail by Ruggiero et al. (1994). Throughout the curren t ranges of these 
species, there is still a  need for the most basic information on 
distribution, abundance, density, habitat use, and population dynamics 
before effective conservation strategies can be developed (Ruggiero et al. 
1994).
INTRODUCTION
Historic S tatus of Forest Carnivores in GNP 
Early sightings and anecdotal information on the distribution and 
relative population sta tu s  of forest carnivores in Glacier National Park 
were described in Wild Animals o f Glacier National Park (Bailey and Bailey 
1918). At the time, lynx were considered “more or less common 
throughout the Glacier Park region." In 1895, lynx tracks were seen at 
St. Mary Lake and one anim al was caught in a  trap  near timberline ju s t 
north  of the lake. Fishers were considered rare in any part of the U.S. in 
1918, and only “a  few" were reported to be “holding their own” in the 
park  region at the time. Many old trappers reported never taking any 
fisher in the region, b u t two were trapped in the Many Glacier area. 
Wolverine trapping records existed for both the eastern  cind w estern 
slopes of the park  region prior to 1918, b u t a t th a t time, the au thors
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concluded th a t there were none left in the park  (Bailey and  Bailey 1918). 
M arten were considered “num erous or very common” and were m uch 
adm ired by trappers in the area. According to the authors, “For a t least 
half a  century the park region has been famous for the num ber of 
m artens caught each year by trappers...The anim als are reported to be 
more common on the west slope of the m ountains th an  on the east, bu t 
this is probably because the timber there is more dense and extensive.” 
Bobcat [Lynx nifus) were “not common” b u t were occasionally detected at 
lower elevations. M ountain lions [Felis concoloj) were considered 
“abundan t” on the west side of the park, b u t scarce on the east side.
Gray wolves [Canis lupus] were known to range adong the eastern  edge of 
the park  and in the North Fork Valley and were occasionally observed in 
the park’s interior. Coyotes [Canis latrans) were considered “surprisingly 
common in the elevated interior” of the park, and were also present 
throughout lowland areas (Bailey and Bailey 1918). Red fox [Vulpes 
vulpes) were “occasionally seen in Glacier Park” a t lower elevations east 
and west of the Continental Divide. Swift fox [Vulpes velo^  were 
“common over the plains along the eastern edge of the park ,” b u t there 
were no records of this species from inside the park.
Past Research
While GNP’s Icirge carnivores such as m ountain  lions, grizzly bears 
[Ursus arctos], and gray wolves have been well studied, little research has 
focused on the park’s smaller carnivores. Of the four forest carnivores
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discussed above, only m arten have been the subject of research in GNP 
(Hawley 1955, Jonkel 1959, B urnett 1981). Intensive live-trapping for 
m arten  in  the North Fork of the Flathead drainage from 1953 to 1958 as 
part of a  m arten  ecology project did not result in the unintentional 
trapping of any fisher although several other similarly-sized m amm als 
were trapped (Jonkel 1959). If any fisher were present on the study area 
during the study, they were not detected by researchers (C. Jonkel, Great 
Bear Foundation, pers. comm.) A telemetry study of m arten conducted 
between 1979 and 1980 in the same study area, also resulted in no 
accidental captures of fisher (Burnett 1981). Besides the research on 
m arten in the North Fork, there have been no intensive studies of lynx, 
fisher, or wolverine anywhere in GNP. Shea (unpubl. 1976) conducted 
systematic track surveys in the North Fork of the Flathead River section 
of GNP as part of a  winter ecological assessm ent and docum ented the 
presence of lynx, fisher, m arten, and wolverine and several other species. 
Shea (unpubl. 1976) also described the relative abundances of these 
species based on sightings by park rangers and loccd residents.
According to Shea (unpubl. 1976), m arten, fisher, and wolverine “have 
evidently become more num erous since 1910." Apparently, lynx 
num bers “remained quite constant.”
A pilot tracking project was conducted by GNP in the spring 
(March-May) of 1994 to determine w hether rare and uncom m on forest 
carnivores still occurred in the park, and to assess the feasibility of
12
initiating more intensive survey efforts (Yates, unpubl. 1994). Despite 
limited time and sub-optim al snow conditions, Yates docum ented the 
occurrence of m arten, fisher, lynx, wolverine, and num erous other 
species during the pilot survey. Additional detection surveys were 
recommended due to the paucity of information regarding forest 
carnivores in GNP and their uncertain s ta tu s  in  the w estern U.S. (Yates 
unpubl. 1994). Yates (unpubl. 1994) also sum m arized park-wide 
sightings of forest carnivores tha t occurred between 1965 emd 1994 from 
GNP’s Wildlife Observation Database. The majority of GNP wildlife 
sighting records in the Wildlife Observation D atabase were not 
systematically collected and have not been assessed for reliability or 
verification. Therefore, the utility of this database for delineating historic 
distribution or identifying population trends is limited.
Studv Purpose and Objectives 
According to the National Park Service Management Policies (2001), 
“the Service will survey for, protect, and strive to recover all species 
native to national park system un its th a t are listed under the 
Endangered Species Act.” In addition, the NPS “wiU both pro-actively 
conserve listed species and prevent detrim ental effects on these species.” 
By fall 1998, it had become increasing apparent th a t the USFWS would 
soon decide to protect the lynx under the federsd Endangered Species 
Act. Given the lack of information on the s ta tu s  and distribution of lynx 
in GNP and the National Park Service’s m anagem ent policy requiring the
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conservation of listed species, park  biologists and m anagers acquired 
funding for lynx monitoring and initiated a  w inter survey program.
This study was conducted during two w inters (1998-2000) and was 
designed to provide information useful to GNP, MDFWP, and the USFWS. 
The purpose of the project was to collect baseline data  on the presence 
and distribution of retre forest carnivores and their prey. Intensive efforts 
were made to survey every major drainage within GNP in a  systematic 
and repeatable m anner, and to describe in sufficient detail habitat 
features associated with track detections for fisher, lynx, wolverine and 
their prey. The study objectives were to:
1) develop a winter track survey protocol for use in GNP;
2) docum ent the presence and winter distributions of lynx, fisher, 
wolverine, m arten, and other species;
3) describe habitat use by target species where they were 
detected;
4) determine the relative abundance of forest carnivore prey 
species, particularly snowshoe hare and red squirrel;
5) deploy remote-sensing cam eras as available to provide 
photographic evidence of forest carnivore occurrence.
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STUDY AREA
The entire park, which includes both the east and west sides of the 
Continental Divide, was chosen as the study area for th is survey. GNP 
encom passes more th an  410 000 h a  (4100 km^) along the Continental 
Divide in the Rocky M ountains of M ontana (Figure 1). Extended periods 
of glaciation carved out a rugged landscape of steep m ountain peaks 
reaching over 3030 m and deep, lush  valley bottoms extending down to 
910 m. The upperm ost crest of the Continental Divide lies above 
treehne, leaving one-third of the park extremely difficult to access during 
winter m onths. Heavy snowfall, strong winds, steep terredn and sparse 
vegetation create frequent avalanches a t upper elevations. Lack of forest 
cover, an  essential component of forest carnivore habitat, and avalanche 
danger were two reasons these areas were excluded from survey efforts.
Vegetative landcover types in the park  include: dry herbaceous 
(plants and shrubs th a t grow in dry areas such  as fescue grasslands 
[Festuca spp.) -  approximately 31 188 ha); mesic herbaceous (plants and 
sh rubs th a t grow in wet areas, including riparian areas, wet meadows, 
alpine meadows -  approximately 19 757 ha); deciduous trees and 
shrubs, such  as aspen {Populus tremuloides), cottonwoods {Populus 
trichocarpdj (26 274 ha); dense, mesic coniferous forests, including 
Englemarm spruce {Picea engelmannii), w estern larch {Larix occidentalis),
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sub-alpine fir [Abies lasiocarpdj, western redcedar [Thuja plicata], 
w estern hemlock [Tsuga heterophylld) (135 547 ha); open, diy coniferous 
forest, including ponderosa pine [Pinus ponderoso), Douglas-fir 
[Pseudotsuga menziesiii, lodgepole pine [Pinus contorta), limber pine 
[Pinus Jlexilis) (65 051 ha); and barren  rock, snow, and  ice (120 741 ha) 
(GNP 1990).
West Side
The west side of GNP can be divided into three distinct areas: (1) 
the North Fork of the Flathead River (NFFR) and its tributaries, (2) the 
McDonald Valley, and (3) the Middle Fork of the Flathead River (MFFR) 
and its tributaries. The NFFR area extends from the Canadian border to 
the south  end of the Apgar m ountains forming the w estern border of 
GNP. The NFFR flows southeast from C anada and joins the MFFR a t the 
south  end of the Apgar m ountains with an  elevation change from 1283 m 
a t the border to 1024 m at the confluence. The climate of th is area can 
best be characterized as transitional between a northern  Pacific coastal 
type and a  continental type. Snow normally covers the area from 
November to April with a m ean annual snowfall of 305 cm and an  
average maxim um  daily snow depth of 65.4 cm a t Polebridge, Montana 
for 1951-1980. Sum m ers are generally short and mild, while winters are 
long and  cold (Ruth et al. 1994). Two dirt roads parallel the east and 
w est sides of the NFFR providing access to all of the river’s tributaries.
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The road along the NFFR inside GNP is closed to vehicle traffic in the 
winter, b u t skiers access the area via a  bridge a t Polebridge.
The wet valley bottom  sites of the NFFR are dom inated by black 
cottonwood and spruce. Dense stands of lodgepole pine dominate m uch 
of the area. O ther fire-dependent species such as w estern larch, western 
white pine [Pinus monticola] and ponderosa pine are also common on 
drier and warm er sites. Mixed coniferous stands of lodgepole pine, 
w estern larch, sub-alpine fir and Douglas-fir also prevail (Kunkel 1997). 
A bundant meadows, patches of native fescue grassland, and riparian 
areas are dispersed throughout the NFFR area. Numerous valleys 
containing fast-moving creeks and deep glacial lakes extend southwest 
from the Livingston Range towards the NFFR creating a  topography tha t 
is more gentle and rolling than  other areas of GNP.
Because of a rain  shadow cast by the Whitefish range to the west, 
the NFFR valley is drier th an  both the McDonald and MFFR valleys. 
Recent, large fires and smaller prescribed b u m s have contributed to the 
diversity of habitats and serai stages found throughout the North Fork 
valley (Rockwell 1995). Historically. NFFR ffre intervals ranged from 15- 
70 years in the lower elevations, bu t aggressive fire suppression over the 
last 100 years has greatly altered this pattern. Before suppression, fires 
were frequent, small in area, and low in intensity. The resu lt being a 
mosaic of age class patterns (Barrett 1986). Factors associated with fire
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suppression have altered the historic fire regime of the NFFR valley so 
th a t the area in now characterized by large-scale, stand  replacing fires.
The McDonald Valley is unique in th a t it is the widest and deepest 
valley of any tribu taiy  on the west side, and it contains Lake McDonald, 
one of the largest lakes in the park. McDonald Creek originates near the 
Continental Divide a t an  elevation of 1859 m  and drops 898 m  in 35.4 
km  before emptying into Lake McDonald. Although the climate of this 
area is a modified north  Pacific coast type, topographical influences 
including valley-ridge configurations, elevation, lake effect, aspect and 
exposure combine to produce extreme variation in w eather over short 
distances (Kuchel 1974). At the south end of the valley, the West Glacier 
townsite (elevation 961 m) receives an  average of 76.2 cm of precipitation 
annually. Along the Continental Divide, gauges a t GrinneU Glacier 
(elevation 1950 m) indicate an  annual average of 305 cm (Kuchel 1977). 
Most of the precipitation occurs during two periods: between November 
and February as winter snowfall, and between May and  Ju ly  as spring 
rain.
Maritime climatic influences create a  complex of moist, cool sites 
perm itting the establishm ent of plant communities more typical of 
w estern W ashington and Oregon. Different phases of w estern redcedar 
and w estern hemlock habitat types dominate the southern  reaches of 
Upper McDonald valley. Dominant tree species along the upper reaches 
of McDonald Creek include Engelmann spruce and Douglas-fir.
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Num erous avalanche chutes and a  1967 fire have left m any gireas of the 
valley sparsely vegetated. Along stream banks, wlUow [Solix spp.), alder 
[Abius spp.) wild rose {Rosa spp.), Hawthorn [Cretaegus douglasiii and 
red-osier dogwood {Camus stolonifers] predominate (Kuchel 1977). Fires 
in th is m oist environment are infrequent, occurring only once every 300- 
400 years. B ut they are usually large and intense given the build up of 
fuels.
The Going-to-the-Sun Road, Glacier Route One, parcdlels the east 
side of the lake and creek. Numerous parking puUouts and  two 
cam pgrounds line the road as it winds its way up  to Logan Pass and over 
the Continental Divide. Nearly two million people a  year visit GNP, most 
m aking the drive over Logan Pass. Although the road is closed to 
vehicles beyond Lake McDonald in the winter, m any visitors ski or 
snowshoe th is route. Consequently, it is one of the m ost intensively 
visited areas in  the park.
The MFFR portion of the study area lies in the southw estern com er 
of GNP, and is one of the m ost remote areas in the park.
Topographically, the area is bounded on the northw est by the Belton 
Hills and Snyder Ridge; on the north and northeast by the Continental 
Divide; on the south  and southeast by the MFFR and Bear Creek. The 
MFFR lies in a long, steep and narrow canyon th a t forms the south  
w estern boundary of GNP. United States Highway 2 parallels the river 
and its tributary, Bear Creek, and rem ains outside of GNP between West
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Glacier and  Walton. The absence of bridges or roads across the MFFR 
into GNP between Walton and West Glacier m akes the MFFR one of the 
least visited areas in GNP. This portion of the study eirea is adjacent to 
the Great Bear and  Bob M arshall W ilderness areas forming the largest 
wilderness complex south  of Canada.
The MFFR area is densely forested with fire-initiated, even-aged 
stands of lodgepole pine and western larch covering m ost of the cirea.
The potential climax species in this area are Engelm ann spruce and sub­
alpine fir, b u t frequent fires have limited the distribution of these 
species. Pockets of w estern redcedar/ western hemlock habitat types 
persist in cool, moist sites along tributaries of the MFFR between Lincoln 
Creek and Nyack Creek. Marias Pass (elevation 1585 m) is a broad, 
forested saddle along the Continental Divide and ju s t  above the 
headw aters of Bear Creek. Most of the saddle is covered by a dense, bu t 
stun ted  forest of lodgepole pine. This area is also frequently subjected to 
high winds making it similar to the east side of GNP. Mean annual 
precipitation a t Walton (elevation 1146 m) is about 102 cm, making it 
considerably more moist th an  the NFFR. The historic fire regime of the 
MFFR region is a  long fire interval/ total staind replacem ent pattern. 
Although fire suppression has been intensively practiced over the last 
100 years, it has not m easurably affected MFFR stands given their long 
fire interval of 150-300 years (Barrett 1986).
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E ast Side
The east side of GNP is the northern m ost extension of w hat is 
known commonly as the Rocky M ountain Front. It is where the steep 
and  rugged Lewis Range of the Rocky M ountains abruptly m eets the 
rolling prairie. The east side boundary is line roughly following the edge 
of the m ountains from the Canadian border to near the town of East 
Glacier. To the east of the boundary lies the Blackfeet Indian 
Reservation; to the west lies the Continental Divide: to the north  lies 
Alberta and W aterton Lakes National Park; and to the south  lies the 
Lewis and Clark National Forest.
The east side of GNP can be divided into four areas based on major 
river drainages. Proceeding north  from Marias Pass to the Canadian 
border, these areas are: 1) Two Medicine River, including Sum m it and 
C ut Bank Creeks; 2) Saint Mary River, including Swiftcurrent and Otatso 
Creeks; 3) Belly River, including Lee Creek; and 4) W aterton River. The 
east side of GNP lies in a  transition zone between the Northern Rocky 
M ountain- and Northern Great Plains ecosystems (Barrett 1997), and 
between the sharply contrasting Pacific Maritime- and Continental 
climatic regimes (Finklin 1986). From 1965 through 1985, the towns of 
Saint Mary and E ast Glacier received a  m ean annual precipitation of 
66.7 and 77.0 cm. respectively, which fell mainly during November- 
Jan u a ry  and April-June. Snow typically covered the area from December 
through April, with m ean annual snowfalls of 409 and  490 cm.
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respectively, for Saint Mary and E ast Glacier. The m ean m axim um  daily 
snow depth a t E ast Glacier was 96.0 cm in February and March (Finklin 
1986). During winter, the interaction of Arctic and Pacific storm  fronts 
causes warm  air m asses to be alternately forced out of and drawn into 
the Rocky M ountain Front area, generating very strong “chinook” winds 
th a t typically blow out of the southwest. In general, the east side of GNP 
is drier th an  the west side and experiences more extreme tem perature 
fluctuations.
Elevations along water courses range from 1356 m  on Saint Mary 
River to num erous alpine lakes and creek headwaters between 1850 m 
and 2100 m. Lower elevations along the Rocky M ountain Front are 
characterized by fescue-dominated meadows and climax aspen groves. 
Mid-elevations contain a relatively narrow band of coniferous montane- 
and subalpine forests, above which lie extensive alpine rocklcinds (Amo 
1979). Montane forests are dominated by lodgepole pine, Douglas fir, 
subalpine fir and  Engelmann spruce, with dry rocky sites often occupied 
by limber pine. Subalpine forests consist primarily of subalpine fir and 
Engelm ann spruce, with some stands of lodgepole or whitebark pine 
(Pinus albicaulis] (Barrett 1997).
The m orainal foothills of GNP’s east side historically experienced a 
wildfire once every 10 to 19 years. Fires in these foothills were of mixed 
severity, with major fires developing about every 35 years. Since about 
1940, fire suppression has lengthened the fire interval to 60 years
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(Barrett 1993). Sites dominated by mesic coniferous forests historically 
experienced less frequent b u t more severe stand-replacem ent fires.
While historic fire intervals for these mesic sites on GNFs east side were 
210 to 350 years, today's fire cycle is approximately 873 years (Barrett 
1997).
METHODS
Selection of Survev Methods 
C anada lynx, fisher, wolverine, and meirten are relatively secretive 
species th a t have proven difficult to study because they occur a t low 
densities, are primarily nocturnal, have inconspicuous m ating behavior, 
leave little sign, and avoid hum an activity (Zielinski and Kucera 1995). 
Historically, m anagers assum ed tha t carefully regulated trapping 
program s would provide the data necessary to m onitor these species and 
detect declining populations. As lynx, fisher, wolverine, and m arten have 
declined in their significance to the fur harvest south  of Canada, 
alternate monitoring methods were required to detect changes in 
distribution and abundance.
Zielinski and Kucera (1995) were the first to compare survey 
m ethods for the collection of data regarding the occurrence and 
distribution of lynx, fisher, wolverine, and m arten. They identified three 
unobtrusive m ethods of detection tha t offered ease of use. effectiveness, 
and economy: remote cameras, track plates, and snow tracking. Of the 
three m ethods described only two, snow tracking and dual sensor remote
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cam eras, had  been proven effective at detecting all four species. A 
com parison of three different m ethods for detecting forest carnivores in 
Yellowstone found snow tracking to be the m ost effective (Steve Gehman. 
Wild Things Unlimited, pers. comm.). Bull et al. (1992) in eastern 
Oregon found snowtracking to be both effective and relatively inexpensive 
for detecting m arten Foresm an and Pearson (1995) compared the efficacy 
of the three survey m ethods described by Zielinski and Kucera (1995) in 
the Bitterroot M ountains of westcentral Montana. The researchers 
concluded th a t rem ote-sensing cam eras provided “the m ost 
unam biguous information, photographic evidence of a  species presence,” 
b u t they also acknowledged tha t the costs associated with this method 
were a  significant drawback. The method Foresm an and Pearson (1995) 
found least effective a t providing reliable information was snow tracking, 
b u t they conducted their study in a  region where snow conditions were 
generally poor and unreliable. They noted tha t the effectiveness of snow 
tracking is limited by its dependence on ideal snow conditions and well- 
trained technicians with considerable experience. W hen both these 
criteria are met, the au thors concluded “this method will provide useful 
information” (Foresman and Pearson 1995).
Snow tracking was selected as the m ethod to be used in the GNP 
forest carnivore survey, due to its proven effectiveness in detecting aU 
four forest carnivore species and its relative low cost. Pilot track surveys 
conducted in GNP by Yates in 1994, and confidence in the high quality
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and reliability of snowfall in the study area combined to m ake snow 
tracking a  sound choice. Winter track surveys were also considered 
valuable for the information they could provide on non-target species 
th a t are of m anagem ent concern (e.g., moose, m ountain lions, grizzly 
bears, wolves, etc.).
In addition to delineating distribution, occurrence data  can also be 
used to describe habitat use by m easuring relative habitat associations. 
Systematic track counts cdong established transects have been used to 
describe snowshoe hare habitat use and relative densities emd have been 
correlated with lynx presence (Litvaitis et al. 1985, Koehler et al. 1990, 
Koehler 1990). Habitat use of fox, lynx, weasels, m arten, wolves, and 
other carnivores has also been described from track  distributions (Davey 
1997, O ksanen et al. 1992, Dekker 1989, Koehler et al. 1990). Habitat 
use should not be confused with habitat requirem ents (i.e., the resources 
or environmental features required to m aintain population viability). 
According to Ruggiero et al. (1994),
“the existence of an  gtnimal in some environment at 
one point in time says little about w hat the individual 
requires for persistence. Accordingly, presence/absence 
data  is, by itself, unreliable as the basis for inference about 
habitat requirem ents.”
H abitat requirem ents can only be inferred when data  on habitat use is
combined with data  on population size, structure, and age-specific
reproductive and survival rates (Ruggiero et al. 1994).
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Survev Methods and Protocol
The snow tracking detection method described by Halfjpenny et al. 
(1995) in Zielinski and Kucera (1995) was adapted for the GNP forest 
carnivore surveys. Halfpenny et al. (1995) emphasized th a t snow 
tracking is an  effective method for determining presence and delineating 
distribution only. Using the results of detection surveys to describe 
population s ta tu s  and trend is not recommended by the authors. They 
also emphasize th a t non-detection does not m ean absence. The snow 
tracking and track observation forms developed by H al^enny  et al.
(1995) have become the standard method for docum enting the results of 
snow tracking surveys, and were used in the GNP survey (Appendix A).
As Halfpenny et al. (1995) do not provide a detailed protocol for 
enum erating tracks of non-target species, a track count protocol was 
developed and tested for GNP. The input of researchers conducting track 
surveys throughout the Rocky M ountains was solicited to facilitate this 
process. The protocol developed for GNP closely follows th a t used  by the 
MDFWP in an  effort to standardize the data collection m ethods and 
extend the utility of the information gathered (Appendix B). Significant 
effort was made to employ and train  competent and experienced field 
technicians, emd to develop standardized sampling procedures to 
minimize observer bias.
Track surveys were conducted in w inter (between the m onths of 
November and April) with the intent of surveying every m ajor drainage in
27
GNP while snow conditions permitted. Halfpenny et al. (1995) 
recommended th a t the survey area be divided into 6.4-km^ sample units 
and th a t a  m inim um  of 10 km  be traversed by foot through preferred 
hab ita ts within each sample unit. The am ount of effort (i.e., cost) 
required to conduct such a thorough survey has deterred m any wildlife 
m anagers from completely adopting this survey methodology. In fact, 
m ost m anagers have modified the approach recommended by Halfpenny 
et al. (1995) to include only established roads cind trails as track 
transects (Brian Giddings, MDFWP, pers. comm., Foresm an and Pearson 
1995). Existing trails and closed roads only were surveyed in GNP 
because of efficiency of travel, safety, repeatability, and logistical 
feasibility. Off-trail and off-road areas were not sampled. The goal was 
to survey each transect a  m inim um  of three times or until target species 
were detected. Survey routes were not randomly selected. Instead, 
routes were prioritized according to accessibility, historical records, and 
hab itat suitability. Routes were selected th a t included topographical 
features frequently used by lynx and other species: valley bottoms, 
upland areas, ridges, and saddles (Koehler 1990). Survey routes 
spanned a wide elevation gradient (between 910 and  2210 m), and 
included a  range of slopes and aspects. Optimal tracking conditions 
occur 24 to 72 hours after a snowfall, b u t num erous routes were 
surveyed immediately after or during snowfall. This was due to the 
availability of technicians and the frequency of multi-day, back-country
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surveys during which decisions about w hether to survey were 
determ ined by imperative ra ther than  by snow conditions.
Most track  surveys were conducted on skis and snowshoes, b u t 
early in the winter conditions perm itted tracking from a vehicle. All 
wildlife tracks encountered along track  transects were recorded in field 
notebooks and later transcribed to snow tracking and track  observation 
forms developed by Halfpenny et al. (1995) and GNP. Notable detections 
of uncom m on species (lynx, fisher, wolverine, m ountain lion, wolf and 
moose) were entered into GNP’s wildlife observation database (WORF).
All bear sightings were entered into the Bear Information Management 
System  (BIMS) database. The exact time (24H) and Universal Transverse 
Mercator (UTM) location were recorded for all tracks of lynx, fisher, 
wolverine, wolf, m ountain lion, grizzly bear, black bear and moose. 
Tracks of m arten  were so num erous tha t time did not allow for collection 
of precise locations for each detection.
The tracks of more common species, like m arten, were recorded at 
intervals of approximately one kilometer. The difficulty of distinguishing 
individual sets of ungulate tracks along high-use trails, led to their being 
recorded only as present (with no tally of tracks) in m ost instances. 
Tracks of sm aller prey anim als (snowshoe hare, red squirrel, grouse, 
vole, m ouse and  shrew), m arten and the smaller weasels (long-tail, short- 
tail, least) were tallied and recorded at each stop. All three species of 
sm aller weasel were simply recorded as “weasel” as a  positive
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identification based on track size alone was virtually impossible given 
significant size overlap. Different m ethods for tallying prey were tested 
throughout the field season. Estim ating the num ber of individuals of a  
particu lar species using average home range size and density was 
proposed as a  method. But. this is too subjective. Instead, a  count of all 
tracks crossing the route was concluded to be the best index of relative 
abundance. Field experimentation led to the preferred method of 
counting only those tracks spaced a t least 10-m apart fi-om the last 
recorded track  of the sam e species (the sam e method used in MDFWP 
surveys). To m ake the data comparable, the track taUy of each prey 
species was divided by the num ber of days since the last snowfall for 
each survey route. If the observer recorded the time since last snowfall 
in hours or half-day intervals, the value was rounded to the nearest 
whole num ber of days; values ranged from 1 to 6 days post snowfall.
Tracks of lynx, fisher, wolverine, and wolf were m easured and 
photographed to provide verification of the identification. Multiple 
m easurem ents of track size, stride and straddle were taken and averaged 
according to the m ethod described by Halfpenny et al. (1986). Due to the 
significant degree of sexual dimorphism atmong musteUds, tracks of 
m arten  and fisher can be veiy difficult to distinguish in the field. A “2 V4- 
inch” rule was applied for distinguishing fisher from m arten tracks: 
only fresh or well preserved m ustehd prints m easuring 2 inches or 
greater in width were identified as fisher. Using this conservative
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standard , some female fishers were likely classified as m artens, thus 
under-representing fisher presence In the study area.
Snow tracking quality (STQ) was also evaluated when tracks were 
recorded. STQ ratings are described by Halfpenny et al. (1995). Each 
time tracks of a  target species were encountered, habitat features were 
m easured and described. Dominant tree species were listed and the 
vegetative structu re  class was determined from an  ocular estimation.
Five vegetative structure classes were used: grass/forb, shrub/seedling, 
sapfing/pole, m ature and old-growth (Hoover et al. 1984). Under-stoiy 
was described In term s of density (open, moderate, and dense).
All track  detections for lynx, fisher, and wolverine were plotted on 
USGS 7.5 m inute topographic m aps and entered into a  com puter 
database for later entry into a  Geographic Information System (GIS). 
D istribution m aps for lynx, fisher, and wolverine, were created firom the 
occurrence data  using Arcvlew GIS Version 3.1 software (ESRI 1998).
Remote-sensing Cameras 
Two rem ote-sensing cam era system s were used for the purpose of 
obtaining photo-docum entation of lynx and other rare species. Remote 
cam era stations consisted of a  Trallm aster Passive Infrared Trail 
Monitoring System (TM500) and a  lure or other attractant. The TM500 Is 
a dual-sensor remote cam era system th a t consists of an  autom atic 35- 
m m  cam era modified to be activated by a microwave motion and a 
passive Infi-ared heat sensor. The TM500 had  been field tested and
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proven reliable and lightweight (Zielinski and Kucera 1995). An Olympus 
Infinity Mini DLX cam era and the TM500 dual-sensor un it were housed 
in a  m etal am m unitions case and suspended approximately 5 ft. above 
the ground on a  tree trunk. The box was secured to the tree with nails, 
duct tape, an d /o r  plum ber’s tape.
Both olfactory and visual a ttrac tan ts were used a t each remote 
cam era site. A scented liquid lure was poured over the end of a  log or 
stum p or on a small piece of carpeting nailed to the tru n k  of a  tree 
approximately 10-11 feet in front of the m ounted cam era system. Catnip 
was also used as a scent lure. Aluminum pie plates suspended from a 
tree branch  were used as visual a ttrac tan ts to encourage the curiosity of 
felids. The protocol of Zielinski and Kucera (1995) was followed, and the 
cam era stations were checked every 7-14 days to replace batteries and 
film and reapply the scent lure. All tracks in the area of the camera 
stations were also recorded a t this time. Latency to detection (LTD) times 
have been estim ated a t 30 days for lynx, fisher, wolverine, and m arten 
(Foresman et al. 1995). Location of the cam eras was determined by 1) 
presence of target species’ tracks, 2) accessibility for field technicians 
and 3) avoidance of hum an disturbance and vandalism. Photos of target 
species were docum ented as detections and plotted on USGS 7.5 m inute 
topographic m aps and entered into a com puter database for later entry 
into a Geographic Information System (GIS). Camera stations were used
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principally to photo-docum ent the presence of target species edready 
detected during snow tracking.
Habitat Analysis 
Most habitat features were m easured in the field, bu t some (i.e., 
land cover type, slope, stand age) were described and analyzed using 
Arcview 3.1 GIS software (ESRI 1998). Slope was derived a t each 
detection point for lynx, fisher, and wolverine fi*om a USGS 30 m  Digital 
Elevation Model (DEM). A raster-based analysis of Landsat MSS images 
(1981) developed by GNP identified 10 land cover types within the study 
area: 0) unclassified; 1) h erb /sh rub  dry; 2) h e rb /sh ru b  mesic; 3) 
deciduous tree /sh rub ; 4) conifer forest, dense, moist; 5) water; 6) barren; 
7) snow; 8) shadow; and 9) conifer forest/dry (GNP 1990). Cover type 
polygons classified as snow, shadow, and unclassified were dropped from 
the analysis as no lynx, fisher, or wolverine were detected in these cover 
types. Likewise, our track transects did not adequately sample these 
cover types. The w ater cover type was also excluded from statistical 
analysis due to the low expected values tha t resulted. H abitat features 
such  as dom inant tree species and vegetative structure class th a t were 
m easured in the field were cross referenced with GIS data  on land cover 
types and fire history information to get the most accurate description of 
the physical features present a t the detection points. Habitat availability 
and use were analyzed a t the stand level. Cover types available along 
transects were determined from an  analysis of 8300 com puter generated
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points spaced 100 m  along the survey routes. Cover types present along 
transects were compeired to cover types where target species were 
observed. H abitat use as described here refers to the relative occurrence 
in  certain cover types during the winter. 1 tested the hypothesis th a t 
detected use of cover types by lynx, fisher, and wolverine was different 
fi-om random  a t P <0.05 using a  chi-square goodness-of-fit test. 1 followed 
the recom m endations of Ott (1984) and Neu et al. (1974), and excluded 
categories firom analysis when expected values were <1 (i.e., water, 
unclassified, snow, and shadow). Confidence intervals for each observed 
hab itat category were calculated according to the m ethods of Neu et al. 
(1974) in order to detect preference or avoidance of individual habitats. 
Neu et al. (1974) stated  tha t a chi square test may be used in cases 
where more th an  20% of all categories contain less th an  5 expected 
observations as long as the average (over aU categories) expected 
observation is 6 or more (for the 0.01 level of significance of the test).
The relative occurrence of tcirget species in certain stand age 
classes was also examined. Vegetative structure class field 
m easurem ents were combined with a  raster-based GIS layer of forest 
stand  age classes and fire history descriptions. This GIS layer and 
database were developed between 1986 and 1997 by GNP and a  private 
consultant using 1981 Landsat MSS images and ground-truthing (GNP 
1997). For th is analysis, stand  age classes were placed into 6 categories: 
1) single age young (post 1910): 2) single age middle (1844-1910); 3)
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single age old (pre 1844); 4) m ulti age young (post 1910); 5) m ulti age 
middle (1844-1910); and 6) m ulti age old (pre 1844). Multi age stands 
were classified according to the age class of the dom inant component. 
S tand age classes present along transects were compared to the stand 
age classes where target species were observed using the sam e 
methodology described for the cover type analysis.
A use-availability analysis was not performed for aspect, 
understo iy  density, and elevation as the exact proportion of each habitat 
category (for aspect, understory, and elevation) along transects could not 
be determined. Descriptive statistics alone were performed on these 
data.
RESULTS
Sum marv of Effort 
During the winters of 1998/9  and 1999/2000, 175 track surveys 
over 604.6 km  of trails (246.5 km  east side and 358.1 km  west side) were 
conducted by crews of GNP wildlife technicians and volunteer assistan ts 
for a  total of 1525.1 km  surveyed (875. 8 km  on the west side and 649.3 
km  on the east side) (Figure 2). Of the 175 track surveys, 81 surveys 
were conducted on the east side and 94 surveys were conducted on the 
west side. A total of 73 transects were surveyed (0-4 replicates 
annually). Individual transects ranged in length from 2-13 km. Total 
time for sam pling aU transects was 731.2 hrs.
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Figure 2. Track transects sampled during two winters of forest carnivore detection surveys in Glacier 
National Park, 1998-2000.
Species Detected 
Twelve species of carnivores (lynx, fisher, wolverine, m arten, 
m ountain  lion, grizzly bear, black bear, mink, river otter, striped skunk, 
coyote, and  wolf) were detected during snow tracking (Table 1). The three 
sm allest m ustelids present in GNP (long-tailed weasel, short-tailed 
weasel, and  least weasel) were not identified to species b u t were recorded 
as Mustela spp. when encountered along transects. Bobcat and red fox, 
carnivores common in cireas Just outside of GNP, were not detected 
during any of the surveys. Likewise, these two species were undetected 
in the 1994 pilot survey (Yates unpubl. 1994). Although bobcats and red 
foxes are occasionally observed at lower elevations in border regions of 
the park  in sum m er, sightings of these species in winter are extremely 
rare (GNP files). O thers anim als detected along transects included: 
snowshoe hare, red squirrel, deer {Odocoileus spp.), elk, bighorn sheep, 
m ountain  goat, moose, grouse (Dendragapus spp.), m uskrat, beaver, and 
several species of microtine rodents. One animal conspicuously absent 
fi-om the fist of species detected was the porcupine, considered 
“moderately common throughout the park” in the early 20*̂  century 
(Bailey and  Bailey 1918).
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Table 1. Selected wildlife species detected along track stuvey routes 
(listed in  alphabetical order), num ber of detections, kilometers traveled 
per detection, and hours surveyed per detection; Glacier National Park, 
two winters, 1998-2000.
S p e c ie s # o f  d e te c tio n s K m  /  d e te c tio n H o u rs /  d e te c tio n
Beaver {Castor canadensis) 5 305 .0 146.2
B lack b ea r (Ursus americanus) 1 1525.1 731.2
Coyote (Cants latrans) 200 7.6 3.7
F isher {Martes pennanti) 67 22 .7 10.9
Grizzly b e a r  (Ursus arctos) 5 305 .0 146.2
Lynx (Lynx canadensis) 82 18.6 8.9
M arten (Martes americana) 954 1.6 0.8
M ink (M ustela vison) 8 190.6 91.4
Moose (Alces alces) 172 8.9 4.3
M ountain  lion (Felix concolor) 64 23.8 11.4
M usk ra t (Ondatra zibethicus) 1 1525.1 731.2
M ustela  spp . 894 1.7 0.8
River o tte r (Lutra canadensis) 8 190.6 91.4
Striped  sk u n k  (Mephitis mephitis) 1 1525.1 731.2
Wolf (Cants lupus) 53 28 .8 13.8
W olverine (Gulo gulo) 74 20.6 9.9
Distribution
Lynx
Lynx tracks were uncommon along routes on the west side of the 
Continental Divide (n=9), and relatively more common along routes on 
the east side (n=73) (Figure 3). Track detection rates for lynx were 97.3 
km /detection on the west side and 8.9 km /detection on the east side. 
Lynx tracks were found a t an  average elevation of 1631 m  (range, 1463 - 
1945m) on the east side and 1168m (range, 1024m-1676m) on the west 
side. On the west side, lynx were detected in only two areas during both 
winters: the McDonald Valley and the southeast com er of the MFFR 
drainage near the Continental Divide. Two lynx detections occurred in 
the northern  portion of the NFFR drainage during the winter of
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Figure 3. Distribution of lynx tracks (n=82) documented during two winters of forest 
carnivore detection surveys in Glacier National Park, 1998-2000.
1999/2000 only. On the east side of the study area, lynx appear to be 
well-distributed with documented occurrences from the Canadian border 
to the southeast boundary. Lynx were consistently detected in the Many 
Glacier and the Two Medicine areas during both winters. Lynx 
detections were notably absent in the upper St. Mary Valley where 
historical lynx occurrence has been documented (Barash 1971).
Habitat Use
Lynx were detected on slopes between 0 and 25 degrees (Table 2). 
Mean slope for east side and west side detections was similar (9 and 11 
degrees respectively). Tracks were located on all aspects (Table 3). Most 
lynx detections occurred in areas where the understory density was 
relatively m oderate (Table 4). Open stands were also used often.
Lynx detections were of one to four individuals (mean group size = 1.4 ±
1 (SD)). Tracks of family groups were observed in both the Many Glacier 
and Two Medicine drainages (both on the east side). No family groups 
were docum ented on the west side of the Continental Divide.
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Table 2. Mean slope (in degrees) of lynx, fisher, and wolverine detections 
for the east and west sides of Glacier National Park, sum m ary for two 
w inters 1998-2000. Available slope was as follows: 24% (0-15 degrees), 
42% (16-30 degrees), 30% (30-50 degrees), 6% (50+ degrees).
Mean slope ± SD (range)
East Side West Side
Lynx
F isher
W olverine
9 ± 7.1 (range, 0-25) 
10 ± 8 .3  (range. 2-32) 
10 ± 10.2 (range. 0-37)
11 + 8 .9  (range. 3-32) 
11 + 10.0 (range. 0-40) 
13 ± 9 .8  (range. 1-38)
Table 3. Aspects of aU lynx, fisher, and wolverine track detections by 
percentages. Sum m ary of data  fi“om two winters of detection surveys. 
Glacier National Park, 1998-2000.
% occurrence
Aspect Lynx Fisher Wolverine
Flat 15.8 26 .9 21.5
N 7.3 1.5 4.1
S 18.3 14.9 16.2
E 11.0 3 .0 5.4
w 6.1 8.9 5.4
NE 9.7 4.5 4.1
NW 9.7 17.9 17.6
SE 17.1 20.3 20 .3
sw 4.9 8.9 5.4
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Table 4. Relative understory density of all lynx, fisher, and wolverine track 
detections by percentages. Sum m aiy of data  fi'om two winters of detection 
surveys, Glacier National Park, 1998-2000.
Relative density
% occurrence
Lynz Fisher Wolverine
O pen 32.9 29.8 33.8
M oderate 53.6 49.3 60.8
D ense 13.4 20 .9 5.4
Lynx were detected in the following cover types: h erb /sh ru b  dry; 
h e rb /sh ru b  mesic; deciduous tree /sh rub ; conifer forest, dense, moist; 
water; and conifer forest/dry. Over 96% of the detections occurred in the 
three forest cover types (Table 5). Comparison of habitat use to 
availability suggested th a t lynx did not select cover types a t random  (P < 
0.01, 31.2, df = 5) (Table 6). Mesic coniferous forest types
constituted 43% of the cover types sampled by transects, b u t only 26% of 
lynx detections occurred in this type. The deciduous tree /sh ru b  cover 
type constituted 12% of available habitat, yet 22% of lynx detections 
occurred in this type. Xeric coniferous forests constituted 31% of cover 
types sampled, b u t 49% of lynx detections occurred in th is type. Lynx 
were detected in deciduous tree /sh ru b  and dry coniferous forests more 
th an  expected and were detected in h e rb /sh ru b  dry and conifer forest 
dense/m oist significantly less th an  expected (Table 6).
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Table 5. Cover types of all lynx, fisher, and  wolverine track detections by 
percentages. Sum m ary of data  fi"om two winters of detection surveys, 
Glacier National Park, 1998-2000.
occurrence
Cover Type Available Lynz Fisher Wolverine
1 (h e rb /sh ru b  dry) 6 .0 1.2 0 .0 12.2
2 (h e rb /sh ru b  mesic) 6 .0 3 .6 0 .0 6.8
3 (deciduous tre e /sh ru b ) 12.0 22.0 19.4 20.2
4  (conifer forest, dense, moist) 43 .0 25.6 43 .3 31.1
5 (water) 0.1 2 .4 0 .0 1.3
6 (barren) 2 .0 0.0 0 .0 5.4
9 (conifer fo rest/d ry) 31 .0 48.8 37 .3 23.0
Table 6. Chi-square analyses of total detections for lynx, fisher, and 
wolverine among 6 cover types In Glacier National Park, two winters, 
1998-2000 (j^= 11.07, P =  0.05, df = 5) and (a?= 15.09, P =  0.01, df = 5). 
Observed detections are shown for each species In each cover type. Two 
asterisks Indicate th a t the observed abundance was significantly greater 
th an  expected, whereas one asterisk  indicates th a t the observed 
abundance was significantly less th an  expected.
Species Cover Types
1 (herb/ 2 (herb/ 3 (decid. 4 6 9
shrub shrub tree/ (conifer, (barren) (conifer,
dry) mesic) shrub) moist) dry)
Lynx
{Lynx canadensis) 
F isher
(Martes pennantQ
W olverine 
(Gulo gido)
0*
0*
9**
0*
18* *
13*
15**
2 1 "
29
23'
40 '
25 '
17'
31.2
12.9
16.6
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Lynx were detected in stands ranging in  age from 64 to 480+ years 
(Table 7). Random use of the six stand  age classes was tested for the 79 
lynx detections th a t occurred in a  forest cover type. Comparison of 
hab itat use to availability suggested th a t lynx use of m ulti and single 
stand  age classes was not significantly different th an  expected by chance 
(P> 0.05, 10.7, df = 5). When stands were classified into three
categories (I.e. young, middle, old) and not differentiated by single or 
multiple age classes, lynx use of stand ages was significantly different 
th an  expected (P < 0.01, 9.3, df = 2) (Table 8). Lynx use of old stands
(pre 1844), was significantly higher than  expected given the available 
hab ita t along transects. Approximately 64% of lynx detections in a  forest 
cover type occurred in old forests (pre 1844). Lynx use of young and 
interm ediate age classes was significantly lower th an  expected by 
chance.
Table 7. Stand age of all lynx, fisher, and wolverine track detections tha t 
occurred in forest hab itats by percentages. For analysis, multi age stands 
were classified according to the age of the dom inant stand  component only. 
Sum m ary of data  from two winters of detection surveys. Glacier National 
Park, 1998-2000.
Stand Age
% occurrence
Available Lynz
(n=79)
Fisher
(n=67)
Wolverine
(n=55)
Single age - Young (post 1910) 15.0 10.0 7.0 15.0
Single age - M iddle (1844 -  1910) 29 .0 20.0 25 .0 27.0
Single age - Old (pre 1844) 17.0 27 .0 19.5 22.0
M ulti age - Young (post 1910) 4 .0 2.0 1.5 4.0
M ulti age - M iddle (1844 -  1910) 7.0 6.0 4.5 7.0
M ulti age - Old (pre 1844) 28 .0 35 .0 42 .0 25.0
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Table 8. Chi-square analyses of total detections for lynx, fisher, and 
wolverine among 3 stand  ages in Glacier National Park, two winters, 
1998-2000 5.99, P=0.05, df = 2). Observed detections are shown for
each species in each stand  age category. Two asterisks indicate th a t the 
observed abundance was significantly greater th an  expected, whereas 
one asterisk  indicates th a t the observed abundance was significantly less 
th an  expected.
Species Stand A ges
Young (post 1910) Middle (1844-1910) Old (pre 1844) X“
Lynx
(Lynx canadensis)
9* 37* 49** 9.3
F isher
(Martes pennant^
6* 20 41** 8.4
W olverine 
(Gulo gulo)
10 19 26 0.1
Fisher
Distribution
Fisher detections were relatively more common along routes on the 
east side of the Continental Divide (20 km /detection), th an  on the west 
side (25 km /detection) (Figure 4). Fisher tracks were found a t an  average 
elevation of 1550 m (range, 1390 m  -  1798 m) on the east side and 1152 
m  (970 -  1585 m) on the west side. Of the 35 west side detections, 28 
occurred in the upper McDonald Valley and lower NFFR Valley, 
suggesting a  possible fisher stronghold in this area. A scattering of fisher 
detections (n=7) occurred in the upper NFFR VaUey and in 2 areas of the
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Figure 4. Distribution of fisher tracks (n=67) documented during two winters of forest
carnivore detection surveys in Glacier National Park. 1998-2000.
MFFR Valley. Along the eastern slopes of the study area, fisher 
detections were well distributed. Several detections occurred 
sdong/outside of the GNP boundary suggesting th a t suitable fisher 
hab itat likely occurs on the Blackfeet Indian Reservation as well.
H abitat Use
Fishers were detected on slopes between 0 and 40 degrees (Table 
2). Mean slope for east side and west side detections was similar (10 and 
11 degrees respectively). Tracks were located on all aspects (Table 3). 
Most fisher detections occurred in areas where the understoiy  density 
was relatively moderate (Table 4). Dense and open stands were also used. 
Detections were of 1 to 2 individuals (mean group size = 1.0 ± 0.2 (SD)). 
Tracks of two fishers travelling together were observed on 3 occasions, 
twice in the McDonald Valley (west side) and once in the Many Glacier 
area (east side). Detections of multiple animals were made in November. 
December, and March respectively.
Fishers were detected in the following cover types: deciduous 
tree /sh rub ; conifer forest, dense, moist; and conifer forest/dry. Fishers 
were never detected in shrub  fields or grassland habitats (Table 5). 
Random use of the seven cover types was tested for the 67 fisher 
detections. Comparison of habitat use to availability suggested tha t 
fisher did not select cover types at random  (P < 0.05, a? =  12.9, df = 5) 
(Table 6). One hundred percent of the detections occurred in the three 
forest cover types. Fishers used the mesic forest type according to
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availability. The deciduous tree /sh ru b  and conifer forest/dry  cover types 
were used  significantly more than  expected.
Fishers were detected in stands ranging in age from 33 to 480+ 
years (Table 7). Random use of the six stand  age classes was tested for 
the 67 fisher detections th a t occurred in a  forest cover type. Comparison 
of hab ita t use to availability suggested tha t fisher use of m ulti and single 
stand  age classes was not significantly different th an  expected by chance 
(P> 0.05, 5.7, df = 5). When stands were classified into three
categories (i.e. young, middle, old) and not differentiated into single or 
multiple age classes, fisher use of stand ages was not reindom (P < 0.05,
^  = 8.4, df = 2) (Table 8). Fisher use of old stands (pre 1844) was 
significEintly greater than  expected. Forty two percent of fisher detections 
occurred in m ulti age old forests where structu ra l diversity is probably 
high.
Wolverine
Distribution
Wolverine tracks were detected 74 times in the two winters 
between 1998 and  2000. Despite the fact th a t 34% more effort was spent 
surveying transects on the west side of the Continental Divide, more 
wolverine detections were made on the east side of the study area Cn=53) 
th an  on the west side (n=21) (Figure 5). Wolverine tracks were found at 
an  average elevation of 1622 m (range, 1457 -  2341 m) on the east side 
and 1279 m  (range, 1003 -  2109 m) on the west side. Approximately
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Figure 5. Distribution of wolverine tracks (n=74) documented during two winters of forest
carnivore detection surveys in Glacier National Park, 1998-2000.
half of the west side wolverine detections occurred in the McDonald 
Valley, while the other 10 detections occurred in 3 drainages of the NFFR 
and 5 drainages of the MFFR. Wolverine detections on the east side were 
well distributed from north  to south  in nearly every major drainage. 
Wolverine were detected outside of GNP on the Blackfeet Indian 
Reservation on several occassions. Snow tracking indicated tha t 
wolverines on the east side of GNP moved freely across the park 
boundary and were often located near ungulate winter ranges. Wolverine 
were frequently located at the lowest elevations on the east side and often 
in /o r  adjacent to developed areas (hotels, campgrounds, and ranger 
stations th a t receive little to no hum an use in winter months). In 
general, wolverines detected on the west side of the study area, were not 
detected a t the lowest elevations where deer and elk winter ranges occur. 
Most west side wolverine detections occurred several kilometers up side 
drainages and weU within the park  boundary. Lower elevation areas 
cilong GNP’s w estern boundary were extensively surveyed yet no 
wolverine were detected in these areas.
H abitat Use
Wolverine were detected on slopes between 0 and 38 degrees (Table 
2). Mean slope for east side and west side detections was similar (10 and 
13 degrees respectively). Tracks were located on all aspects (Table 3). 
Most wolverine detections occurred in areas where the understory 
density w as m oderate to open (Table 4). Only 5.4% of wolverine
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detections occurred in areas with a relatively dense understory. 
Detections were of 1 to 2 individuals (mean group size = 1.0 ± 0.0 (SD)). 
Tracks of two wolverine travelling together were observed on 2 occasions, 
once in the Otatso Creek drainage and once in the Many Glacier area 
(both east side). These observations occurred in late Jan u a ry  and mid- 
March respectively. No nata l or m aternal dens were detected.
Wolverines were detected in the following cover types: herb /sh ru b  
dry, h e rb /sh ru b  mesic, deciduous tree /sh rub , conifer forest, dense, 
moist, water, barren, and conifer forest/dry (Table 5). Random use of the 
seven cover types was tested for the 74 wolverine detections.
Comparison of habitat use to availability suggested th a t wolverine did 
not select cover types a t random  (P < 0.01, 16.6, df = 5) (Table 6).
Seventy four percent of the detections occurred in the three forest cover 
types. These three forest types constituted 86% of the cover types 
sam pled by transects. Twenty-six percent of the wolverine detections 
occurred in cover types tha t lacked significant canopy cover (shrub fields, 
grassland, talus fields, and frozen lakes). The deciduous tree /sh ru b  and 
h e rb /sh ru b  dry cover types were used significcuitly more th an  expected 
by availability. Both conifer forest cover types were used significantly 
less th an  expected (Figure 6).
W hen wolverine were detected in forested habitats, stand  ages 
ranged from from 33 to 480+ years (Table 7). Random use of the six 
stand  age classes was tested for the 55 wolverine detections tha t
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occurred in  a  forest cover type. Comparison of habitat use to availability 
suggested th a t wolverine use of m ulti and single stamd age classes was 
no t significantly different th an  expected by chance (P > 0.05, 0.5,
df = 5). W hen stands were classified into three categories (i.e. young, 
middle, old) cind not differentiated by single or multiple age classes, 
wolverine use of stand  ages was again not significantly different than  
expected (P > 0.05, 0.1, df =2) (Table 8). Although 47% of wolverine
detections in a  forest cover type occurred in old stands (pre 1844), this 
figure was not significantly different than  expected given the avedlable 
hab ita t along transects.
Marten
Distribution
M arten tracks were observed in edl three of the forest cover types 
described for the study area. The distribution of forest cover types in the 
study area is represented in Figure 6. Although the UTM locations for 
every m arten track  encountered (n=954) were not recorded during the 
surveys, m arten winter distribution was mapped according to 
presence/absence data collected along transects (Figure 7). M arten were 
detected along 68 of the 73 transects surveyed. Of the five transects 
where m arten were not detected, four were only sampled once. It is 
possible th a t m arten have not been detected along the Many Glacier 
Road because snow conditions along th is route are usually poor for 
tracking (due to wind) and there is relatively little forest cover. The other
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Figure 6. Distribution of forest cover types in Glacier National Park.
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Figure 7. Transects along which marten tracks were observed during two winters of snow track surveys in 
Glacier National Park, 1998-2000. Martens were detected along routes marked in red but were not 
detected along routes marked in turquoise.
four transects appear to traverse suitable m arten hab itat and are 
proximate to routes where m arten have been detected. M arten appear to 
have a  wide distribution in GNP and occur across the elevational 
gradient sam pled by the transects. Detection rates for the east side and 
the west side were similar: 1.7 km /detection (west side) and 1.4 
km /detection  (east side). Since exact locations were not recorded for 
each set of m arten  tracks encountered, an  analysis of m arten habitat use 
at the stand  level could not be conducted using the data  collected.
Covotes
Although the UTM locations for every coyote track  encountered 
(n=200) were not recorded during the surveys, coyote presence/absence 
and track  counts were noted for each transect segment. The m ean 
elevation for coyote tracks east of the Continental Divide was 1530 m 
(range. 1372 -  2011 m). Coyote tracks were detected during 54 of 81 
surveys (67%). Eighty-nine percent of coyote detections on the east side 
occurred on closed roads with Little snow cover or within 3 km  of the trail 
head (where plowed road access terroinated). Only 11% of coyote 
detections on the east side occurred in the backcountiy (more th an  3 km 
from a  trailhead). Several of the backcountiy detections were made in 
March, a  m onth when snow conditions are the m ost variable due to 
tem perature fluctuations.
Coyote tracks were detected during 27 of 94 surveys on the west 
side or (29%). Mean elevation for coyote detections on the west side was
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1165 m  (range, 945 -  1737 m). The m ean distance to trailhead for coyote
detections on the west side was 4.7 km  (range, 0.1 - 15.0 km). Of the
coyotes detected on the west side, 45% occurred within 3 km  of a
trailhead, 50% were within 3 km  of ungulate winter range, and 5% were
located outside of these two areas. Therefore, 95% of coyote detections
on the w est side occurred within 3 km  of a trailhead (where plowed road
access terminated) or ungulate winter range (where snow depths are
lowest). On both the east and west sides of the study area, coyotes were
detected m ost often a t lower elevations and in /o r  near areas of low snow
accum ulation or snow compaction from hum an use (Table 9).
Table 9. Mean elevation of lynx, fisher, wolverine, coyote, and m ountain 
lion detections for the east and west sides of Glacier National Park, 
sum m ary for two winters 1998-2000.
Mean elevation (range)
East Side West Side
Lynx 
F isher 
W olverine 
M ountain  lion 
Coyote
1631 m  (1463- 1945 m) 
1550 m  (1390 -  1798 m) 
1622 m  (1457-2341 m) 
1501 m  (1371 -  1676 m) 
1530 m  (1372-2011 m)
1168 m  (1024- 1676 m) 
1152 m  ( 970 -  1585 m) 
1279 m  (1003-2109  m) 
1132 m  (914- 1524 m) 
1165 m  (945- 1737 m)
M ountain Lions
Tracks of m ountain lions were detected a t 64 locations in the study 
area (22 detections on the east side and 42 on the west side). Mean
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elevation for m ountain lion detections on the east side was 1501 m  
(range, 1371 -  1676 m). Seventy-seven percent of the east side 
detections occurred on closed roads or within 3 km  of a  trailhead (where 
plowed road access terminated). Of the 23% of the detections th a t 
occurred in the backcountry (n=5), 100% occurred between 11 March 
and 21 March, when the snow pack is often crusty/com pacted due to 
daily freezing and thawing. M ountain lions were detected during 18% of 
east side surveys.
Of the 42 west side m ountain lion detections, 98% (n=41) occurred 
within 3 km  of a trailhead or ungulate winter range (where snow depths 
were lowest). Mean elevation for m ountain hon detections on the west 
side was 1132 m  (range, 914 -  1524 m). One detection of a  m ountain 
hon occurred in  the backcountry (more than  3 km  from a  trailhead or 
ungulate w inter range). On 11 March 2000, two m ountain hons (female 
with a  kitten) traveled from the head of Lake McDonald white-tailed deer 
w inter range (where the sam e pair had been detected in December, 
January , and February) up and over Howe Ridge (1524 m) and down into 
the Cam as Creek drainage. It is the only time on the west side that 
m ountain hons were detected above 1250 m and greater than  3 km from 
a  trailhead or ungulate winter range. M ountain hons were detected 
during 31% of west side surveys.
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Carnivore Sum mary 
Mean elevations of lynx, fisher, wolverine, coyote, and m ountain 
lion detections are presented in Table 9. On the east side of the study 
area, it appears th a t lynx and wolverine occupy the highest elevations 
(sampled by our transects) followed by fisher, coyote, and m ountain lion 
respectively. On the west side, wolverine appear to occupy the highest 
elevations of the five carnivores described here, with lynx and fisher next, 
followed by coyotes and m ountain lions. Although lynx, fisher, and 
wolverine occur a t different m ean elevations in the study area, there is 
overlap in the range of elevations a t which these three species occur 
(Figure 8). Coyotes and m ountain lions appear to occupy the lowest 
elevations in the study area and occur at higher elevations only rarely 
and usually  in early spring (March).
Prev Species
Tracks of snowshoe hare, red squirrel, grouse and microtine 
rodents were tallied along each survey route (Appendices C-F). Track 
counts for snowshoe hare were higher along transects on the east side of 
the study area during both winters. Squirrel tracks were higher on the 
west side in 1998/1999 bu t lower in 1999/2000. Squirrel and hare 
tracks were relatively common in the areas sampled. These species were 
regularly detected along transects throughout the study area, while 
grouse and  microtines were less common.
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W olverine track d etection s  
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Figure 8. Distribution of lynx, fisher, and wolverine tracks documented during two winters of forest
carnivore detection surveys in Glacier National Park. 1998-2000.
Table 10. M ccin num ber of prey tracks detected per kilometer by 
geographic region and year. Glacier National Park, two winters 1998- 
2000. The m ean was calculated for routes th a t were surveyed more than  
once, and the range of values appears in parenthesis.
Mean number tracks/kilom eter (range)
S n o ^ h o e
hare
Red
squirrel
Grouse
D e n d ra g a p u s
spp.
Microtine
rodents
1 9 9 8 /1 9 9 9  
W est Side 
E as t Side
1.75 (0 .3 -  4.8) 
2 .16  (0.1- 10.2)
2 .40  (0.2 -  8.9) 
1.20 (0.0- 12.8)
0 .30  ( 0 .0 -  1.0) 
0 .27  (0.0 -  2.3)
0 .57  (0.0 -  3.6) 
0 .06  (0.0 -  0.5)
19 9 9 /2 0 0 0  
W est Side 
E as t Side
1.00 (0.1 - 4.0) 
5 .20  (0.3 -14.6)
0 .97  (0.1 - 9 .2 )  
1.40 (0 .0 -  5.1)
0 .29  (0 .0 -  1.1) 
0 .30  (0.0 -  0.4)
0 .05 (0.0 -  0.5) 
0 .60  (0 .0 -  5.1)
Ungulates
Elk, bighorn sheep, mule deer, white-tail deer, and m ountain goats 
are not included in Table 1 because tracks of these five species were not 
tallied during the surveys. On the west side of GNP, deer tracks were 
detected during 56 of 94 surveys (59%) conducted and elk tracks were 
detected during 30 surveys (32%). Tracks of bighorn sheep were 
detected during one survey on the west side (1%). On the east side of 
GNP, elk tracks were detected during 20 of 81 surveys (25%) conducted; 
deer tracks were detected during 22 surveys (27%); and one survey 
detected tracks of bighorn sheep and m ountain goats (1%). Moose 
detections were summarized in Table 1.
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Remote-sensing Cameras 
The two Trail M aster remote-sensing cam era system s were 
deployed for over 100 traps nights a t several locations each field season. 
AU sites were located near trails and within one day of foot travel from a 
trailhead. In general, the cam eras functioned weU considering the 
duration of use and the cold tem peratures common In the study area, 
especially east of the Continental Divide. On one occasion, a  small 
m am m al chewed through the cable connecting the cam era to the sensor 
disengaging the system. Covering the cable with duct tape or swiping It 
with rubbing alcohol to remove salts and hum an scent appeared to solve 
th is problem. In general, 14 days was the m axim um  am ount of time the 
cam eras would operate before the batteries and film needed replacing. 
When tem peratures were extremely low, the batteries seemed to last 
about 7 days. Photographs of a  golden eagle, m arten, and fisher 
(probable) were obtained a t a  station th a t was located at a bighorn sheep 
carcass. Photos of m ountain Uon, wolverine, bighorn sheep, snowshoe 
hare, and  gray jays were obtained a t a  station In the Many Glacier Valley. 
Two photographs of lynx were also obtained a t this site. One photo was 
of a  large adult lynx (possibly a made), and the other photo was of a  lynx 
family group (one adult and one kitten).
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DISCUSSION
Lvnx
In M ontana, lynx have been intensively studied using radio- 
telemetry in four areas: the South Fork of the Flathead (Koehler et al. 
1979), G arnet M ountains (Smith 1984), Cabinet M ountains (Brainerd 
1985), amd the Seeley-Swain Valley (Squires and Laurion 2000). Studies 
of lynx in northeast W ashington (Koehler 1990. Brittell et al. 1989, 
McKelvey et al. 2000b) and the Canadian Rockies (Apps 2000), may be 
applicable to M ontana as well. Koehler et al. (1979) found most lynx use 
in dense lodgepole pine stands approximately 50 -  60 years old. The 
remaining relocations were in stands dominated by subalpine 
fir/Engelm ann spruce and m ature Douglas-fir/western larch. Lynx in 
North Central W ashington used areas with slopes <10% and showed little 
use of areas below 1400 m  or above 2150 m (McKelvey et al. 2000a). The 
majority of lynx use in winter occurred in the lodgepole pine and 
subalpine fir classes (64%) (McKelvey et al. 2000b). A preference for 
northeast aspects was noted in sum m er only (possibly for 
thermoregulation) (McKelvey et al. 2000b). The 11 lynx radio-coUared 
and tracked in the Cabinet and Garnet M ountains occurred mainly in 
subalpine fir forest associations (Smith 1984, Brainerd 1985).
In the Swan-Seeley Valley and the Canadian Rockies, lynx home 
ranges occurred a t mid-elevations (1550 m -  1850 m) dominated by 
spruce-fir forests, with lodgepole pine as a  serai species (Apps 2000,
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Squires and Laurion 2000). Lynx are reported to use mixed conifer and 
hardwood stands in M ontana as well (J. Squires, pers. comm. 1999; cited 
in  Ruediger et al. 2000). Lynx detected along track transects in GNP, like 
lynx in the Swan-Seeley Valley and the Canadian Rockies occurred both 
in mesic spruce-fir forests and in drier mixed conifer (Douglas-fir, fimber 
pine, subalpine fir) and lodgepole pine stands. In fact, lynx detected in 
GNP occurred in dry conifer stands (mixed conifer and lodgepole pine) 
more often th an  in moist conifer stands, and relative use of these two 
categories was significantly different than  expected.
Lynx detected along transects in GNP were rarely found below 
1220 m, and m ost detections occurred at mid-elevations. The most 
prom inent aspects were south, southeast, and flat (in order of use) 
suggesting a possible preference for the warmest, driest slopes. Most 
lynx occurrences occurred on gentle slopes, similar to findings elsewhere. 
Apps (2000) and Koehler (1990) found th a t m any of the lynx they studied 
used m ean elevations th a t were higher during sum m er th an  during 
winter. The sum m er 2000 GNP lynx detection survey detected lynx in 
areas on the east side where lynx were also detected in winter (Edmonds 
et al., unpubl. 2000). W hether individual lynx move to higher elevations 
in sum m er cannot be determined using these methods; however, it 
appears th a t several areas on the east side of the park provide year- 
round habitat for lynx. Lynx were detected in both sum m er and winter 
w ithin 1 km  of two developed areas th a t received heavy visitor use in
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summer but were difficult to access and rarely visited by humans in winter. 
Further investigation of the influence of habitat quality, behavioral diversity and 
type, seasonality and intensity on lynx distribution and habitat us is warranted.
McKelvey et al. (2000b) assessed the concordance between location data 
from road-based track and camera surveys and telemetry data for 22 lynx in 
North Central Washington and found that lynx detected along roads used 
different habitats than those predicted by telemetry data. As the road-based 
surveys did not provide a representative sample of the surrounding vegetative 
classes, the authors concluded that patterns of use appeared to have been 
influenced mostly by the composition of adjacent habitats (i.e., proximity to 
lodgepole pine stands). The roads tended to pass through Douglas-fir classes, 
while the landscape was dominated by lodgepole pine classes, making inferences 
about habitat use inadvisable (McKelvey et al. 2000b). The proportion of 
vegetative cover types sampled by track transects in GNP did not differ 
significantly from the proportion available in the study area, making it possible 
to describe habitat use patterns with some confidence. Although this study only 
examined lynx habitat use at the stand level, it raises several questions regarding 
lynx habitat at a variety of spatial scales. Future studies should investigate the 
distribution, abundance, and availability of lynx prey in forests where lynx are 
known to occur in GNP. The literature suggests that lynx are more influenced 
by the patchy distribution of snowshoe hares in winter than any other habitat
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com ponent (McKelvey et al. 2000b). At the landscape scale, it would be 
valuable to examine the extent to which patterns and  levels of 
interspersion affect habitat suitability for lynx.
The im portance of aspen stands as a component of snowshoe hare 
and lynx hab itat is not well understood. Wolfe et al. (1982) found tha t 
hares use aspen stands m uch less than  conifer stands if they lack dense 
understory cover. Other authors speculate th a t aspen stands intermixed 
with spruce-fir or lodgepole pine stands, particularly those with dense 
regeneration or understory vegetation, may contribute substantially to 
prey productivity (Ruediger et al. 2000). Several researchers found 
snowshoe hare densities directly and positively correlated with densities 
of small diam eter woody stem s (Koehler and Aubry 1994). Stand 
structu re appears to be more importcmt in predicting snowshoe hare 
abundance th an  forest type or stand  age (Mowat et al. 2000). Although 
early-successional habitats usually provide the structural complexity and 
horizontal cover preferred by snowshoe hares, late successional forests 
may contain these features as well. Buskirk et al. (2000) hypothesized 
th a t in mesic forests, "heure densities should be bimodal with stand age: 
highest in early serai conditions, minimal in closed-canopy m ature 
forests, and reaching moderate densities in extremely old gap-phase 
forests.” Most studies of snowshoe hare habitat use have been 
conducted in eastern  North America, while data for snowshoe hares 
along entire successional trajectories in the West is scant (Buskirk et al.
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2000). Thompson et al. (1989), Beauvais (1997), and Mills and 
Henderson (unpubl. data, cited in Buskirk et al. 2000b) found hares 
relatively abundan t in late successional coniferous forests. M ature and 
older conifer forests are also preferred habitats of red squirrels, an  
im portant alternate prey of lynx in the West (Apps 2000). Buskirk et al. 
(2000b) recommended further research on the importance of structural 
hab ita t correlates and old gap-phase forests with regard to the habitat 
needs of snowshoe hares. The high variability in snowshoe hare track 
data  for the east and west sides of GNP suggests th a t the east side of the 
park  may presently contain the most productive habitat for hares and 
consequently for C anada lynx. GNP contains a  relatively high proportion 
of old forests, especially on the east side where fire suppression has 
significantly altered historic fire cycles. Small scale disturbances in a 
m atrix of older forests may provide the habitat features m ost suitable for 
lynx and their prey than  the large-scale, stand  replacing disturbances 
th a t now characterize m uch of the west side.
Lynx home ranges south of Canada are relatively large, and 
probably include denning, resting, and foraging habitats, as well as 
marginal hab itats used primarily for travelling between hunting sites 
(Ruediger et al. 2000). Brittell et al. (1989) described suitable lynx travel 
cover as coniferous or deciduous vegetation > 2 m  in height with a closed 
canopy th a t is adjacent to foraging habitats.
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Lynx use of habitats along track transects in GNP indicated a 
preference for older forest age classes. Lynx use of preferred habitats for 
hun ting  or travel cannot be known from the m ethods used in this study. 
Lynx showed no preference for m ulti age stands as compared to single 
age stands. Multi age stands in the intermediate to m ature range may 
exhibit more s tructu ra l complexity than  even aged stands, b u t this 
assum ption has not been verified in the field. The chosen m easure of 
horizontal cover in this study (i.e. relative understory density) proved too 
subjective for meaningful analysis. A better m ethod would have been the 
quantification of stem  density and understory height. Future research 
should investigate the structural characteristics and prey associations of 
late-successional m esic/dry conifer and deciduous forests in  our study 
area. Little is known about the relative productivity of these habitats in 
the Rocky M ountains for lynx and snowshoe hares. A sampling design 
sim ilar to m ethods used by Thompson et al. (1989) to m easure the 
relative occurrence of hares and lynx in various cover types and stand 
age classes would better describe snowshoe hare habitat use than  the 
m ethods employed in this study.
In the Rocky M ountains, a complex suite of predators th a t includes 
lynx, coyotes, bobcats, fishers, m artens, red foxes, m ountain lions, 
northern  goshawks (Accipiter gentilis), and great hom ed owls compete for 
snowshoe hares in m ontane coniferous forests. Predation on lynx by 
m ountain  lions, bobcats, wolverines, and coyotes has been documented
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(Ruediger et al. 2000). Interference an d /o r exploitation competition from 
coyotes, bobcats, and m ountain lions may be significant factors 
influencing lynx distribution and population viability (Buskirk et al. 
2000a). Due to their lower foot loading, lynx can exploit high elevation 
areas where deep snow probably excludes coyotes, bobcats, and 
m ountain  lions. Sm ith (1984) found tha t bobcat home ranges were at 
significantly lower elevations during winter tham were lynx home ranges, 
b u t extensive spatial overlap was noted during snow-free periods.
M urray and Boutin (1991) found coyotes to be more selective of hard  or 
shallow snow conditions than  were lynx. In the southern portions of 
lynx range, snow conditions may vary considerably in response to 
frequent winter thaw s and subsequent crust formation. Crusted snow 
conditions could permit carnivores with higher foot loadings such as 
m ountain  lions, bobcats, and coyotes, to access higher elevation habitats 
in  w inter thereby negating the competitive advantage held by lynx 
(Buskirk et al. 2000).
Snow conditions in GNP may restrict movements of coyotes and 
m ountain lions to lower elevation areas where snow depths are lowest. It 
is also possible th a t prey abundance influences the distribution of 
coyotes and m ountain lions. Although bobcats are occasionally sighted 
in the park  in sum mer, no tracks of bobcats were detected in over 1500 
km  of track  transects in two winters. Potential interference competition 
from bobcats, coyotes, and m ountain lions in winter appears to be low
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for lynx on the study area given the high degree of spatial separation 
observed. Coyotes and m ountain lions were very rarely detected at 
higher elevations or in the backcountry. Most remote detections of 
coyotes and m ountain  lions occurred in March when snow conditions on 
the study area were highly variable due to regular freezing and thawing. 
GNP gets relatively little use by winter recreationists (notably absent are 
snowmobiles). Further research into the winter distribution and 
movement patterns of lynx in relation to coyotes and mountciin lions in 
GNP could be extremely informative. GNP may serve as an  im portant 
réfugia for lynx in the western U.S. especially in w inter when natural 
conditions predominate and access for recreationists is poor.
Fisher
Only three intensive, radio-telemetry-based studies of fisher 
ecology and habitat use have been conducted in the Rocky M ountains 
(Heinemeyer 1993; Jones 1991; Roy 1991), and two of those studies were 
of reintroduced populations from Wisconsin and M innesota (Heinemeyer 
1993 and Roy 1991). Inferences from studies on introduced populations 
to extant populations elsewhere in the Rocky M ountains may be limited. 
Fishers in all three of these studies selected riparian areas with relatively 
gentle slopes and dense canopy cover.
In Idaho, Jones (1991) found th a t fishers preferred late- 
successional coniferous forests with complex physical structure, 
especially in sum m er. Fishers in Idaho also avoided nonforested areas
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such  as forest openings, open hardwood forests, recent clearcuts, 
grasslands, and areas above tlmberline (Jones 1991). Jones (1991) and 
Roy (1991) both found th a t fishers preferred young to m edium  age 
stands of conifers a t certain times of the year. Jones (1991) and several 
other researchers have found tha t fishers use m ost forest types within 
extensive northem -conifer forests (Powell and Zielinski 1994). Buskirk 
and Powell (1994) stated tha t forest type is probably less im portant to 
fishers th an  aspects of forest structure related to prey abundance and 
denning/resting  sites. Some authors have hypothesized th a t where snow 
is deep and fi*equent (such as GNP), fishers should be expected to be 
absent or occur where dense overhead cover intercepts snowfall (Powell 
and Zielinski 1994).
Fishers detected along transects in GNP occurred in old forests 
significantly more th an  expected by chance which is similar to the 
findings of Jones (1991) and Roy (1991). Fishers in the study area were 
never detected in habitats lacking canopy cover; however, 19% of fisher 
detections occurred in deciduous forests where overhead cover was low 
in winter. Possibly, the horizontal cover in stands of aspen and 
cottonwoods is sufficiently complex to provide fishers with the therm al 
and escape cover they require for resting, travelling, and foraging.
Perhaps fisher use of deciduous forest stands in winter is influenced by 
the total area of the stand  itself and its proximity to m ature, contiguous 
conifer stands. Backtracking of fishers when they are detected in
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deciduous s tands might increase understanding of fisher use of these 
areas. Are there im portant food resources or other life history needs that 
fishers obtain in these stands, or do deciduous stands serve as an 
impediment to fisher movement and security in winter?
Due to the significant overlap in size and morphology between 
fisher and m arten, snow tracking as a  method of detection for theses 
species is a t best 80% effective at accurately identifying individuals in 
regions where fisher eind m arten are sympatric (Jim Halfpenny, A 
N aturalist's World, pers. comm.). Given the conservative criteria for 
fisher identification, some female fishers were undoubtedly classified as 
m artens. Seasonal or sexual differences among fishers in term s of diet 
and hab itat preferences have not been found in the Rocky Mountains, 
and few differences have been noted elsewhere (Powell and Zielinski 
1994). Although th is considerable source of bias m akes a comparison 
between m arten and fisher occurrence problematic, it should not 
confound an  analysis of fisher habitat use given the high degree of 
similarity between the sexes. Under representation of fishers on the 
study area probably resulted in an  incomplete description of winter 
distribution and may have contributed to errors associated with smaller 
sample sizes.
Wolverine
Copeland (1996) found 70.2% of wolverine use in m ontane 
coniferous forest types. Wolverine were located in openings on 34% of
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relocations. A significant preferrence for m ontane coniferous forests was 
evident in w inter while rock habitats were preferred in sum m er 
(Copeland 1996). Homocker and Hash (1981) found 70% of wolverine 
use in large areas of m edium  or scattered m ature timber. Wolverine 
studied by Homocker and Hash (1981) in NW M ontana were reluctant to 
cross clearcuts or large bum s, whüe wolverine in central Idaho 
commonly crossed natu ra l openings such as bum s, meadows, and 
m ountain tops (Copeland 1996).
Along track  transects in GNP, 74.3% of wolverine detections 
occurred in coniferous and deciduous forests and 25.7% occurred in 
openings. Wolverines in GNP were often detected in open habitats such 
as bu m s, meadows, frozen lakes, and shrubfields. Likewise, wolverine 
use of these areas was significantly greater than  expected given the 
availability of open habitats along transects. Wolverines were detected in 
all of the cover types sampled by the transects which was not true of 
fisher and lynx detections. Wolverines detected in GNP. used deciduous 
forest cover types significantly more them expected by availability. Use of 
th is cover type was low among wolverine studied by Homocker and Hash 
(1981) and  Copeland (1996). Both of these studies were conducted west 
of the Continental Divide where deciduous forests are not widespread. 
Although deciduous forests retain some overhead cover in winter from 
branches and  tree boles, the overall extent is relatively low (due to leaf 
loss in fall) compared to conifer stands. GNP receives very little hum an
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use in  w inter and only 10 miles of the park’s road system  is kept clear 
snow, rendering the rem aining 99.8% of the park de facto  wilderness.
The use of snowmobiles is prohibited inside GNP and very few people 
m ake overnight trips into the park’s backcountry. This lack of hum an 
presence in GNP in winter may be an  importcint factor influencing the 
movements of wide-ranging carnivores like wolverines. Wolverines 
detected along track  transects in GNP showed no avoidance of open 
areas and areas of low vegetative cover. Wolverines were observed 
crossing frozen leikes and foraging along stream  courses, on gravel bars, 
through meadows, and in shrubfields and avalanche chutes. Extensive 
use of open habitats suggests tha t these areas may have special 
significance for foraging, travel, or social interactions. Contrary to 
observations from other areas, wolverines in GNP were not often detected 
a t lower elevations (where ungulate winter ranges are found) on the west 
side of the park. The presence of 2 resident wolf packs and high carrion 
availability would seem to indicate suitable wolverine habitat, bu t survey 
resu lts do not support this conclusion. Future research into wolverine 
food habits in GNP could be extremely informative, as wolverine 
movements in other study areas appear to be greatly influenced by food 
availability and distribution. Possibly, carrion is more available on the 
east side of GNP th an  on the west side.
W hen detected in forested habitats in the study area, 81% of 
wolverine occurrences were in old to interm ediate forests (pre 1910) while
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19% w ere in  young forests (post 1910). W olverines u sed  old forests more 
th a n  young forests along tran sec ts , b u t th is  p a tte rn  w as no t signihcant 
given th e  s ta n d  age classes s£tmpled. A lthough a  preference by wolverine 
for m a tu re  to in term ediate forest w as evident in  northw est M ontana 
(H om ocker and  H ash  1981). a  sim ilar preference w as n o t noted  from 
stu d ies  in  C anada (Banci 1994). Copeland (1996) did no t investigate 
wolverine u se  of s tan d  age classes. H om ocker and  H ash  (1981) and  
B anci (1994) suggest th a t wolverines exhibit a  preference for certain  
h ab ita t characteristics because of greater abundance  of food and  
avoidance of h u m an s. W olverines detected in  GNP u sed  coniferous 
forests less th a n  expected and  did no t select forest s tan d s  based  on age 
class. Given the  w ide-ranging m ovem ents of wolverines it m ight no t be 
appropria te  to exam ine wolverine h ab ita t p a tte m s  a t the  s tan d  level. A 
course-scale analysis of h ab ita t s tru c tu re  and  in terspersion  m ay be more 
applicable.
M ost wolverine researchers  have agreed th a t “wolverine h ab ita t Is 
probably  b es t defined in  term s of adequate  year-round  food supplies in 
large, sparse ly  inhab ited  w ildem ess areas, ra th e r th a n  in  term s of 
p a rticu la r types of topography or p lan t associa tions” (KelsaU 1981). 
A lthough £tn ab u n d an ce  of large m am m als an d  a  diverse prey base  
underlie  the  d istribu tion  of wolverines, denning h ab ita t and  travel 
corridors m ay also be critical for m ain tain ing  population  viability (Banci 
1994). C onclusions abou t wolverine h ab ita t u se  are difficult given scan t
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d a ta  an d  th e  tendency  of wolverines to travel widely an d  u se  a  variety of 
h ab ita ts . It is quite possible th a t  individuals have been  detected in  areas 
th a t  could no t su p p o rt hom e ranges or reproduction  (Banci 1994). 
According to C opeland (1996), “M ontane coniferous forests su itab le  for 
w in ter foraging an d  sum m er k it rearing  m ay only be usefu l if connected 
w ith  subalp ine  cirque h ab ita ts  required for n a ta l denning, security  areas, 
an d  sum m er foraging.”
S um m arv  and  M anagem ent R ecom m endations 
The w in ters of 1998 /1999  an d  1 9 9 9 /2000  saw  above average 
precip ita tion  in  GNP's high country  (Lisa McKeon, USGS, pers. comm.) 
M any surveys were conducted  u n d e r sub-optim al track ing  conditions 
(before 24 h o u rs  h ad  passed  after a  snowfall) a s  field techn icians were 
available or already  in  the  backcountry  on extended trips. Despite the  
fact th a t  p recip itation  an d  snow conditions m ade com plete surveys 
im possible on  n u m erous occasions, track s  of target species were often 
detected  u n d e r sub-optim al conditions. Surveys th a t  were conducted 
du ring  or im m ediately after snow fall/ra in  were trea ted  a s  reconnaissance 
surveys. Surveys th a t  followed th e  protocol explicitly were considered 
in tensive surveys cind only d a ta  from  these  surveys were u sed  to 
calcu late  encoun te r ra tes. The relatively narrow  b an d  of m ontane and  
sub -a lp ine  forest in  the  eas t side drainages, m ean t th a t  considerably less 
effort w as required  to sam ple the  eas t side com pared to the  w est side 
w hich  is characterized  by contiguous forest cover over a  m uch  larger
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area. In  addition, m ore effort w as required  to reach  sub-alp ine  forests on 
th e  p a rk ’s  w est side due to the  lower elevation. The h igher frequency of 
deer, elk, an d  m oun ta in  lion detections on the  w est side suggests th a t 
w est side tran se c ts  sam pled lower elevation w in ter range m ore frequently 
th a n  ea s t side rou tes. A lthough, 34% greater effort w as sp en t on the 
w est side, the  likelihood of encountering  lynx track s  on  th e  w est side w as 
probably  lower given the  difficulty in  accessing a reas of su itab le  lynx 
h a b ita t (mid-elevations). The size of the  s tudy  are  (4100 km^) coupled 
w ith  a  sm all field staff m ean t th a t  m any of the  drainages in  the  p ark  
w ere n o t adequately  sam pled. These considerations shou ld  be kep t in  
m ind  w hen  evaluating a reas w here target species were no t detected.
Two w in ters of snow  track ing  surveys for forest Ccimivores in  GNP 
have yielded a  trem endous am oun t of inform ation, an d  have greatly 
con tribu ted  to th e  knowledge base  of p ark  m anagers. Prior to these 
system atic  surveys, knowledge of forest carnivores in  GNP w as scan t and  
consisted  m ainly of anecdotal observations, unverified sighting records, 
an d  a  pilot track  survey conducted  in  th e  m id-1990s (Yates, unpubl. 
1994). M arten  ecology h ad  been  intensively stud ied  in  one 15.5 km “ 
s tu d y  a rea  in  the  SW com er of the  p ark  (Hawley 1955, Jonkel 1959, 
B u rn e tt 1981). No population  ecology s tud ies of lynx, fisher, or wolverine 
h ad  been  conducted  in  the  s tudy  area, a lthough  m oun ta in  lion, gray 
wolf, an d  coyote populations in  the  NW com er of the  p a rk  h ad  been well 
s tud ied  (Kunkel 1997). The Intensive forest carnivore detection surveys
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of 1 9 9 8 /1 9 9 9  an d  1 9 9 9 /2000  have provided im portan t inform ation on 
th e  d istribu tion , relative occurrence, an d  h ab ita t u se  of several 
carnivores an d  associa ted  prey species. The re su lts  of these  surveys 
w ere u sed  in  th e  im plem entation of th e  N ational Lynx D etection Protocol 
du ring  th e  sum m er of 2000 an d  in  a  sim ilar b enchm ark  lynx detection 
survey in  th e  sum m er of 1999 (Stitt, unpub l. 1999, Edm onds et al. 
u n p u b l. 2000). D ata  on the  occurrence of lynx an d  o ther ra re  carnivores 
in  ce rta in  a reas  of the  p a rk  h a s  also proven extrem ely usefu l to park  
m anagers  in  p lann ing  efforts involving the  location an d  operation of 
com m ercial services an d  o ther in frastruc tu re  w ithin  the  park .
A dditional surveys should  focus on  re tu rn in g  to a reas  w here lynx 
an d  o ther ta rge t species were detected to gain  m ore knowledge of their 
w in ter d is tribu tion  in  GNP. A radio-telem etry s tudy  is needed to validate 
th e  re su lts  of th is  survey and  provide inform ation on the  h ab ita t 
requ irem en ts  of these  species. The im pacts of recreation  on lynx, fisher, 
an d  wolverine shou ld  also be the  focus of any  fu tu re  stud ies. Two, two- 
p e rso n  team s on the  w est side of GNP could be tte r cover a reas  th a t have 
received insufficient scru tiny  in  the  past. Additional snow  tracking 
surveys shou ld  also focus on a reas su ch  as  the  N orth Fork an d  the 
Middle Fork w here po ten tial lynx h ab ita t h a s  been  identified, and  
h isto rical lynx occurrence h a s  been  docum ented  b u t cu rren t inform ation 
is lim ited. Efforts should  be m ade to sam ple these  a reas m ore 
intensively in  order to expand ou r knowledge of lynx and  o ther target
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species in  these  areas. Additional rem ote cam era system s could also 
con tribu te  to th e  survey effort by providing photographic evidence of 
ta rge t species; however, the  expense of th is  m ethod precludes its wide 
application. One advantage of rem ote cam era system s is th a t  they can  
be deployed by  technicicins lacking the  expertise necessary  to conduct 
tra c k  surveys.
M ost of th e  h igher elevation a reas on th e  w est side of the  Divide
have n o t been  surveyed sufficiently due to high avalanche danger and
lim ited access. These a reas should  be the  focus of alternative survey
m ethods su ch  a s  h a ir-sn a re  s ta tions during  the  snow-free m onths,
b eca u se  th ey  Cctnnot b e sa fely  or efficiently  sam pled  during w inter.
B aited trac k  p la tes have proven effective a t detecting m arten  and  fisher
w ith  100% accuracy  (unlike snow  tracking) and  can  be u sed  to m onitor
population  tren d s  as  weU (Zielinski axid S tauffer 1996). Snow tracking
and  rem ote Ccimeras are still th e on ly n on in vasive m eth od s know n to
effectively detect wolverine presence although  a  h a ir-sn a re  approach  m ay
eventually  be possible (J. Copeland, Idaho F ish  an d  Game, pers. comm.).
According to the  Lynx Science Team  (Ruggiero et al. 2000),
**Because a  prim ary  objective of m anagem ent actions will be 
to enhance  h ab ita t conditions for bo th  lynx an d  snow shoe 
hares , m onitoring of ha re  populations w ith peUet tran sec ts  
(e.g., Krebs et al. 1987) and  lynx populations w ith  snow  
track ing  or o ther techn iques (e.g., T hom pson et al. 1989), 
will likely be critical com ponents of m onitoring stra teg ies .”
A lthough several researchers  have found track  coun ts  to be a
highly effective index for estim ating  populations of sm all m am m als
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including snowshoe hares, great effort m ust be m ade to standardize the 
methodologies and to account for natu ra l variation and observer bias 
(Thompson et al. 1989, Koehler et al. 1990, Monthey 1986). Because 
anim al activity in winter is influenced by weather (e.g., tem perature, 
precipitation, and wind), snow conditions, presence of predators, and 
social interactions, track counts may be highly variable. Over winter 
m ortality may result in significcintly higher track counts in early winter 
th an  late w inter especially for harvested species like m arten (Thompson 
et al. 1989). Increasing snow depth emd colder tem peratures may 
contribute to lower track  counts for subnivean species such  as weasels 
and  red squirrels in Januaiy-February  them in December or March 
(Halfpenny and Biesiot 1986). Track counts may be m ost effective for 
monitoring snowshoe hare populations as their counts do not appear to 
vary significantly between m onths (Thompson et al. 1989). These 
potential sources of variation need to be considered when designing a 
monitoring protocol using track transects, and efforts should be made to 
standardize the results to the highest degree practicable.
Although GNP’s carnivore detection surveys lacked the rigour of a 
radio-telemetry based study or the statistical power of a stratified 
random  sampling design, a  fairly large data set for lynx, fisher, and 
wolverine has proven useful for describing the distribution and habitat 
use pa ttem s of these species in the areas sampled. Given the dearth  of 
information on forest carnivores in the U.S. portion of the Rocky
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M ountains, any data  th a t have been systematically collected and verified 
are of value to m anagers and researchers. More comprehensive 
vegetation data  for the study area will be available in 3-5 yrs. and should 
be used to re-evaluate the results of this study. Survey results from 
1998-2000 have provided im portant baseline information on the 
distribution of lynx, fisher, and wolverine as well as num erous other 
wildlife species active in winter in GNP. This information has already 
been valuable for park  m anagem ent and planning, and should prove 
useful in the future as well, if the peirk chooses to allow more intensive 
research involving radio-telemetry. The cost-effectiveness and relative 
non-invasiveness of snow tracking also make this method ideal (both 
politically and logistically) for use in wildemess areas where the 
preservation of wildem ess values is param ount. From a  m anagem ent 
perspective, the development of a  proven and economical monitoring 
program  for sensitive species such as lynx, fisher, and wolverine is 
essential. Where possible, a  multi-species approach to ecological 
monitoring is preferred due to the overwhelming challenges federal land 
m anagers face in tracking the s ta tu s  of the num erous threatened, 
endangered, and sensitive species in their charge. Besides developing a 
monitoring strategy th a t will detect ecological change, scientists and 
m anagers also need to be able to understand  these changes so tha t 
effective m anagem ent actions can be recommended (Krebs 1991).
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APPENDIX A.
track observation fork
Species Observed
Date /______/______ Time_
Lo cation_______________
S T R
Number Observed
Observers
Elev- Aspect
UTM's ________________ ,
Photos Taken? Yes No
Habitat
Hunting District^ 
Notes
Road Number
Measurements units are cm or in (mark out the units NOT used)
M l, M2, M3 refer lo sequential measurements on one trail, i.e. 3 strides or 3 right front prints
Gait Ml M2 M3 Mean STD Photograph Record
Stride Film
and
ASA
Roil
Number Frames
Group
Straddle
Center
Straddle
T r o u g h
Length Width
f l i n t s  Ml M2 M3 Mean SID Ml M2 M3 Mean STD
Front -
Hind
Metatarsal /
Comments and Drawings (make drawings on the back of this form)
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S2ÏOW TB aC îŒ H G  A12D HABXTAT FGS21
Obs ervers________
Date / ______/
Survey Area
Hujiu. Orsu. No.
________ S h e e t _____ o f  _Days since la sc snow"
General Commencs
T im e D istance
from
S ta rt
Fdids Mrodidf rtrr
Spman
HahiMt STQ Notes
•
•
•
1
■ 1J 11 1
1
. 1
1
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a p p e n d i x  b .
GLACIER NATIONAL PARK 
WINTER TRACK SURVEY PROTOCOL
In troduction ; The purpose of winter track surveys in GNP is to determine the p resence and 
distribution of wildlife species in winter. A special focus will be on rare spec ies  including lynx, 
fisher, wolverine and wolf, but all species will be recorded in order to collect the maximum am ount 
of data with little additional effort. Habitat characteristics along survey routes will also be 
docum ented to better understand winter habitat use by target species.
R ou te  S e lec tion : Survey routes will follow existing trails and closed roads for repeatability 
purposes. Efforts will be m ade to survey each  route at least three times each  winter or until 
target species are detected . Survey routes should include not only drainage bottom s, but upland 
a reas, ridges and sadd les. Surveys will be conducted on skis, snow shoes or foot. Ideal tracking 
conditions occur 24-72 hours after a fresh snowfall, and surveys should be conducted a t this time.
E quipm ent: In addition to personal survival gear and skis or snow shoes, the following 
equipm ent is needed to conduct the surveys: track identification guide {A Field Guide to Mammal Tracking in North America by Ja m es  Halfpenny), 35 mm cam era and film (for photo­
documentation), tape  m easure  (for m easuring tracks and tree DBH), field notebook, pencil,
USGS 7.5 minute topographic m aps, and data recording forms.
F orm s: All track data recorded in field notebooks will later be transcribed onto standard snow 
tracking forms developed by Zielinski and Kucera (1995). Each survey route will be docum ented 
by a separa te  “Snow Tracking and Habitat Form." Observations of wolverine, fisher and lynx 
tracks will also be recorded on the "Track Observation Fonn." Wolf tracks will be noted on 
GNP's "Wolf Observation Form." All notable track observations will also be recorded on GNP’s  
“Wildlife Observation Report Form" (WORF).
C onducting  Surveys: All of the information requested on the "Snow Tracking and  Habitat Form" 
will be recorded in the appropriate sp a c e s  for each  survey. Hunting district num ber d oes  not 
apply to GNP. A com plete description of the survey route, w eather and snow  conditions will be 
included. Start and end times will also  be noted, and all distances will be recorded  in kilometers.
A) Recording Tracks:
•The exact location (distance from start in kilometers) will be recorded for each  se t of 
lynx, fisher, wolverine, wolf, mountain lion, grizzly bear, black bear and  m oose tracks 
encountered during the survey. After the survey, these  observations will be docum ented 
on the appropriate track observation forms and UTMs will be given.
•At regular intervals (every mile is suggested), all of the more com m on species  will 
be recorded. Deer, elk, bighorn sh eep  and mountain goat tracks v/ill b e  noted but not 
tallied a t this time. Additionally, sm aller prey animals (snowshoe hare, red squirrel, 
grouse, vole, m ouse and shrew), m arten and the smaller w easels (long-tail, short-tail and 
least) will be tallied and recorded. A mental count of th ese  species will b e  kept and  
recorded periodically. A minimum distance of 10 m eters will be observed  betw een 
counting the tracks of a  particular species.
•Tracks of wolf, fisher, lynx and wolverine will be m easured and photographed to . 
verify the identification. Multiple m easurem ents will be taken and averaged  according to 
Halfpenny to a ssu re  a  positive identification. S ee  reverse side for m easurem en t taking 
instructions.
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B) Describing Habitat:
Each time tracks of a target species are encountered or a tally of more common species 
is made, general habitat characteristics will be descrit>ed. Dominant tree species will be listed 
and the vegetative structure class will be noted. Five vegetative structure classes have been 
described; 1) grass/ forb, 2) shrub/ seedling- stem s up to 1 inch DBH. 3) sapling/ pole- DBH 
between 1 to 7 inches and tree heights ranging 6-45 ft, 4) mature- 10-20+ inches DBH, and 5) 
old-growth- 20+ inches DBH, abundant snags and down, dead material. Under-story will be 
described in term s of species composition and density (open, moderate or dense).
C) Snow Tracking Quality (STQ):
Throughout the survey, the STQ will be will be descrit>ed using the rating system 
developed by Zielinski and Kucera (1995) found on the back of the "Snow Tracking and Habitat 
Form."
P h o to g rap h s: Higher speed films such as  ASA 100 or 200 perform best under variable lighting 
conditions. Be sure to Include an object such a s  a pen or ruler in the picture for scale. Place it 
as close to the track as possible to avoid paratax. When not using a Hash, shoot straight down 
on the print. A tripod will help to avoid cam era movement. Photograph both individual tracks 
and trails to document the animal's gait pattem.
Taking M easurem ents: For more information see  Jam es Halfpenny’s  A Field Guide to Mamma! 
Tracking in Nortti America.
Q aw  length ^
Length
Straddle
\A/Idth
The method of measunng print siies and daw  
length is shown on the coyote print. Scale is 2 
inches (5 cm).
Straddle
The method of measunng staddio is shown on a 
coyote (left) and rabbit trail.
*
.>  «
Stride
The method of m easuring stride show n on a bob­
cat trail.
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APPENDIX C. Number of prey tracks detected per kilometer by survey 
route; the west side of Glacier National Park, winter 1998-9. The average 
w as calculated for routes tha t were surveyed more than  once, and the 
range of values appears in parenthesis. N/A applies to routes where snow 
conditions or travel methods did not permit a  tally of prey tracks.
S u rv ey  ro u te  n a m e H are t r a c k s / S qu irre l G rouse M icro tine  ro d e n t
k ilo m e te r t r a c k s / t r a c k s / t r a c k s /
k ilo m e te r k ilo m e te r k ilo m e te r
A pgar Lookout 4.8 8.9 1.9 1.8
Mt. Brown 1.6 7.3 0 .0 3.6
A utum n Creek 1.0 (0.6 - 1.4) 1.0 (0 .4 - 1.6) 0.1 (0.0 - 0.2) 0.0
A valanche Lake 1.7 1.7 0.2 0.5
McGee M eadow Loop 1.6 (0.1 -2 .7 ) 4 .0  (0.4 - 10.2) 0.4 (0.0 - 0.9) 1.6 (0.04 - 7.0)
Howe Ridge 3.7  (3.1 -4 .3 ) 2.2 (0.6 - 3.3) 0.4 (0.3 - 0.5) 1.0 (0.3 - 2.4)
H uckleberry M ountain 1.8 6.9 0.6 0.7
S nyder Lake 0 .8  (0.5 - 1.4) 1.2 (0.0 - 2.7) 0.2 (0.1 - 0.2) 0.2 (0.0 - 0.6)
Lincoln Lake 0.3 (0 .0 - 1.2) 1.3 (0.2 - 2.6) 0.2 (0.0 - 0.3) 0.9 (0.3 - 1.6)
M cDonald Crk, W Side 2 .0  (1 .8 -2 .1 ) 3.0 (2.9 - 3.2) 0.0 1.0 (0 .0 -2 .0 )
Ole Creek 3.4  (0 .7 -6 .1 ) 1.5 (0.5 - 2.0) 0.2 (0.0 - 0.3) 0 .4  (0 .0 - 1.0)
Bow m an Creek 2.1 0.7 0.2 0.1
W est G lacier Bike P a th N /A N /A N /A N/A
C am as Road, W E nd N /A N/A N /A N/A
Flathead  Ranger S ta 1.3 0.4 0.5 0.1
Soldier P ass 3.5 4.8 0.0 0.6
H arrison Lake 0.8 1.0 0.1 0.1
Lake M cDonald Trail 1.8 1.3 0.1 0.5
Logan Creek 1.2 (0.0 - 2.3) 0.5 (0.3 - 0.7) 0.1 (0.0 - 0.3) 0.1 (0.0 - 0.3)
M ineral C reek 1.0 0.3 0.0 0.3
Polebrldge - Logging RS 2.1 (1.2 -3 .1 ) 2.3 (0.8 - 3.7) 0 .4  (0.0 - 0.8) 0.3 (0.2 - 0.4)
Logging RS - C am as 1.1 6.9 1.0 0.0
K ishenehn RS Trail 2.2  (0.6 - 3.8) 2.1 (1 .9 -2 .4 ) 0.1 (0 .0 -0 .1 ) 0.2 (0.0 - 0.3)
K lshenehn RS- K intla Lk 0.5 1.1 0.1 0.2
K intla Lk, N shore 0.9 0.3 0 .0 0.0
Q uartz  Ridge Trail 2.9 0.9 0.6 0.5
C erulean  Ridge Trail 0.3 0.2 0.0 0.1
C am as Creek Ï.4 0.9 0.5 0.1
A verage D ensity : 1.75 2.40 0 .30 0.57
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a p p e n d ix  D. Number of prey tracks detected per kilometer by survey 
route; the east side of Glacier National Park, winter 1998-9. The average 
w as calculated for routes that were surveyed more th an  once, and the 
range of values appears in parenthesis. N/A applies to routes where snow 
conditions or travel methods did not permit a  tally of prey tracks.
S u rv ey  ro u te  nam e H are t r a c k s /  
k ilo m ete r
S q u irre l
t r a c k s /
k ilo m e te r
G rouse
t r a c k s /
k ilo m e te r
M icro tine
ro d e n t
t r a c k s /
k ilo m e te r
Sum m it/M idvale Crks 6.8 (2 .6 - 11.9) 0 .6  (0.3 - 1.4) 0.3  (0.1 -0 .4 ) 0.1 (0 .0 -0 .1 )
Two M edicine Creek 0.5 (0.1 - 0.9) 0 .05 (0.0 - 0.2) 0.1 (0.0 -0 .1 ) 0.0
Two M edicine Lake 10.2 2.8 0.3 0.0
Dry Fork Creek 3.1 0.4 0.2 0.1
C ut B ank  Creek (lower) 2.1 (0 .0 -5 .7 ) 0.3 (0.0 - 0.9) 0.1 (0.0 - 0.4) 0 .04 (0 .0 -0 .1 )
C u t B ank  Creek (upper) 5.0 0.2 0.0 0.0
C ut B ank  Ridge 4.5 1.0 0.5 0 .0
Divide M tn BIR Loop 1.6 (1.5 - 1.8) 1.3 (0 .7 -  1.7) 0.3 (0.0 - 0.6) 0 .0
Curly B ear Ridge 1.5 (1 .3 - 1.8) 1.1 (1.1 - 1.1) 0 .4  (0.3 - 0.5) 0 .0
1913 R anger S ta  Loop 0.4 (0.3 - 0.6) 0.4  (0.2 - 0.6) 0 .5  (0.0 - 0.9) 0.1 (0.0 - 0.3)
Red Eagle Creek 0.1 0.3 0.1 0.2
N ^ i  Point sw ath 0.7 0.8 0 .0 0.0
Two Dog F lats 2 .4 12.8 1.6 0.0
Rose Creek 1.2 (0 .3 - 2.1) 1.0 (0 .7 -  1.2) 0.1 (0.0 - 0.2) 0.1 (0.0 - 0.2)
S t M ary Lake, N shore 0.9 (0.3 - 1.6) 0 .7  (0.7 - 0.7) 0.1 (0.0 - 0.3) 0.1 (0 .0 - 0.1)
Baring Creek 3.0 1.0 0 .0 0.5
S t M ary River (upper) 1.2 (0 .8 - 1.7) 0 .6  (0.3 - 0.8) 0.1 (0 .0 -0 .1 ) 0 .0
Preston P ark 4.6 0.0 0 .0 0.0
Boulder Ridge sw ath 1.5 3.1 2.3 0.0
M any Glacier Road 0.2 (0.1 - 0.2) 0 .04 (0.0 - 0.1) 0 .0 0.04 (0.0 - 0.1)
C ataract C reek 1.0 0.8 0.3 0 .0
Sw iftcurrent Creek 1.0 (0 .9 - 1.0) 0 .3  (0.2 - 0.4) 0.1 (0 .0 -0 .1 ) 0 .0
W ilbur Creek 1.5 0 .0 0 .0 0 .0
Sw iftcurrent Ridge 0 .6  (0.5 - 0.7) 0 .4  (0.1 - 0.6) 0.1 (0.1 -0 .2 ) 0 .0
Slide Lake 2.1 (0.5 - 3.7) 0 .9  (0.3 - 1.4) 0.3 (0.1 - 0.6) 0.1 (0 .0 -0 .1 )
H w yl7  (Chief Mtn Rd) 0.6  (0.4 - 0.8) 0 .5  (0.0 - 1.0) 0 .0 0.0
Lee Ridge Trail 4.3 3.0 0.0 0.5
Belly River Ranger S ta 0.1 0.2 0.0 0 .0
M okowanis Lake 0.1 0 .03 0 .0 0.0
A verage D ensity : 2 .16 1.20 0.27 0 .06
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APPENDIX E. Number of prey tracks detected per kilometer by survey 
route; the west side of Glacier National Park, winter 1999-2000. The 
average was calculated for routes th a t were surveyed more th an  once, and 
the range of values appears in parenthesis
S u rv ey  ro u te  n a m e H are  t r a c k s /  
k ilo m e te r
S qu irre l
t r a c k s /
k ilo m e te r
G rouse
t r a c k s /
k ilo m e te r
M icro tine  ro d e n t
t r a c k s /
k ilo m e te r
K ishenehn RS -  Kintla U t 0.4 0.8 0.03 0.02
Ford Cabin -  Ft Kintla U t 0 .4  (0.1 -  0.9) 1.4 (0 .2 -  2.2) 0.2 (0.1 -  0.3) 0.01 (0 .0 -  0.03)
Bow m an Creek 1.5 (0 .3 -  2.7) 0.2 (0.0 -  0.3) 0.2 (0.2 -  0.2) 0.0
Polebridge -  Ford Cabin 0.3 0.1 0.2 0.0
Polebridge -  W inona Lk 0.5 0.2 0.0 0.0
N um a Lookout 1.9 9.2 1.4 0.5
McGee Loop 1.7 (0 .8 -  2.4) 1.2 (0 .3 -  2.8) 0.6 (0.3 -  0.9) 0.3 (0.0 -  0.4)
C am as Creek 0.3 0.8 0.4 0.2
Howe Ridge 2.1 1.3 0.2 0 .0
Snyder Lake 2.6 1.1 0.5 0.0
Lincoln Creek 0.3 0.8 0.0 0.0
Logan Creek 1.5 (0 .0 -  5.2) 0.3 (0.0 -  0.8) 0.02 (0.0- 0.1) 0 .06  (0.0 -  0.3)
Logan C r -  G ranite  Park 1.3 (1 .1 -  1.6) 0 .4  (0.4 -  0.5) 0.3 (0.2 -  0.5) 0 .0
Lower Nyack Creek 0.1 0.6 1.1 0 .0
U pper Nyack Creek 0.5 1.4 0.3 0 .07
Lower Coal Creek 1.2 1.7 0.8 0.2
Upper Coal Creek 0.1 0.4 0.1 0 .0
H arrison Creek 0 .6  (0 .1 -  1.2) 0.5 (0.3 -  0.7) 0 .4  (0.1 -  0.7) 0.0
Lonem an Lookout 0.1 0.05 0.0 0.03
Lower Park  Creek 4 .0  (0.3 -  7.5) 0 .05  (0 .0 -  0.1) 0.2 (0.01- 0.4) 0 .0
U pper Park  Creek 0.4 0.2 0.1 0 .0
Soldier Pass 1.3 0.2 0.1 0 .0
Ole Creek 0.4  (0.03- 1.0) 0.1 (0 .0 -  0.4) 0 .0 0 .0
Lake Isabel 1.1 0.3 0.03 0 .0
Average Density: 1.0 0 .97 0.29 0.05
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APPENDIX F. Number of prey tracks detected per kilometer by survey 
route; the east side of Glacier National Park, winter 1999-2000. The 
average was calculated for routes tha t were surveyed more th an  once, and 
the range of values appears in parenthesis. N/A applies to routes where 
snow conditions or travel methods did not permit a  tally of prey tracks.
S u rv ey  ro u te  n a m e H are  t r a c k s /  
k ilo m e te r
S q u irre l
t r a c k s /
k ilo m e te r
G rouse
t r a c k s /
k ilo m e te r
M icro tine
ro d e n t
t r a c k s /
k ilo m e te r
Sw iftcurrent to  C racker F lats 7.3 (2.2-12.3) 0 .7  (0.3-1.0) 0.2 (0.0-0.3) 0 .3  (0.0-0.6)
P tarm igan  Lake 10.7 (2.6-18.7) 0 .4  (0.0-0.7) 0.3 (0.1-0.4) 0 .7  (0.5-0.9)
Sw iftcurrent Lake, S  sho re 4 .4  (2.8-6.0) 3 .0  (2.0-4.0) 0.3 (0.3-0.2) 0 .3  (0.0-0.5)
Belly River RS 0.4 2.7 0.4 5.1
MG Hotel to  M orning Eagle 
Falls
5 .0  (1.3-8.7) 1.8 (0.8-2.8) 0.0 0.0
A utum  Creek (Marias-Lubec) 9.3 (1.7-23.4) 1.8 (0.3-4.3) 0.3 (0.0-0.8) 0 .6  (0.0 -  1.5)
Sw iftcurrent Creek 8 .7  (0.8-17.7) 0 .3  (0.0-0.6) 0.2 (0.0-0.4) 0 .3  (0.0 -  0.7)
Jo sep h in e  Lake, S shore 9 .7  (1.2-22.2) 5.1 (1.2-6.5) 0.4  (0.0-0.2) 0.5 (0.0 -  0.7)
M arias P ass  to Blacktail hills 1.8 0.3 0.1 0 .0
A utum  C r (Lubec to  E.Glacier) 5 .3  (1.2-9.9) 1.4 (0.3-1.9) 0.2 (0.0-0.4) 0.2 (0.0-0.6)
P itam akan  P ass Trail 14.6 1.2 0.2 0.8
Poia Lake trail 5.7 0.8 0.3 0.4
Divide B oundary  sw ath 1.9 2.8 1.3 0.1
Preston  P ark 0.3 0 .0 0.0 0 .0
GTSR to foot of ST M aiy Lake 2.3 0 .7 0.0 0 .0
89 to C u tb an k  RS N /A N /A N /A N/A
U pper C u tb an k  Creek 0.6 0.1 0.1 0.1
Average Density: 5 .2 1.4 0.3 0.6
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